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Foreword 


The United States Fish and Wildlife Service, Department of the Interior, has responsibility 
for protection and management of bats to alleviate conflicts with man. A major obstacle to 
effective house bat management has been the lack of a single source of background information 
and sound recommendations for solutions to the different problems that sometimes arise when 
humans and bats interact. This publication provides a compendium of facts and techniques to 
respond to this problem and to guide future bat management activities. 

In “House Bat Management,” emphasis has been placed or nonlethal contro! as preferable to 
lethal control. Chemical! toxicants do not solve the problems but often create worse ones. 
Recommended management methods should be selective for the offending bats, should not be 
hazardous to human beings or the environment, and should have no long-term harmful effects 
on bat populations. The objective should be exclusion. The batproofing techniques described 
herein provide numerous acceptable alternatives to lethal poisons and chemicals for dealing 
with bat problems and hazards. 

Recent declines in bat populations throughout North America and greater appreciation of 
their ecological roles have contributed to the need for sound management policies and strategies 
essential for bat conservation. Future research needs have also been identified to build upon the 
base of knowledge reviewed in this manual. 

“House Bat Management” should be useful to homeowners, wildlife biologists and managers, 
public health officials, physicians, veterinarians, conservationists, architects, building 
contractors, urban planners, and others interested in or concerned about bat interactions with 
humans. 

David L. Trauger, Chief 
Division of Wildlife Ecology Research 


EST DOCUMENT AVAILABLE 


Contents 


Page 

em oo ox oo 6 a oe on 9 5 58 oe ETA ave a eens eae rss esiiese seen il 
ES eT eee eee eee eee TT ee eee TET TT Tee l 
Review of Biology and Ecology of Insectivorous Bats ........................000200-- 2 
sees FOUN 5 5 6 oe <6 ea ek ne gs hook orca sb a scenyacs cue caceesineeenereess 2 
re is TN OPS i an one soe is ors kecseicanerrencecesusesests 2 
When Bats Cause Problems ........ 0... 0... ccc ccc eee cece eee eens 3 
Tee aE Tk PN sok oo ok oir a reece scence src kb ev epenensewonnssaaccens 4 
ag ee reer 4 
Guano, urine, odor, and ectoparasites... 2.2.2.0... ee eee eee eens 4 
eg ee ee ee ere 4 
ee ne 4 
Confusion of Bat Problems with Those of Other Animals .......................... 5 
Species of Bats Causing Problems ......... 2.2.2... cece ee cece cece e eee eeee 5 
Colonial Bats .... 2... 0... cee cee ee eee cent eeeeeeeeeeees 5 
EE ECCT EEE ETT TET ETC E EC TCTTCOET TTT Te TTS 5 
ok re 5 
UN ON I a ore hee as sah en be 8 ees nee sn eed are asec eeeades ss 5 
PORE-CMIGOUIS BOUIN inn cok chin ck deeb ceaneeseeens cen eqaeenedetadsawtus 6 
Pre-exposure immunization... 2.20... cee eee eee een eees 7 
Prevention of exposure to bat rabies... 2.6 7 

OE WINE SUUIIU ION 5 ino ok gu 6a heeds 66s cb cteec ai een vise geneesdussenes ve 
Histoplasmosis in Bats .... 0.2.0.0... cece eee ee ee eee eee eee eeeteeeees me 
ere NE GIIUTONIOG ao 5 a 60a os 60 8b s 6a 0b ihe 55080845554 8bee ibs eenwees 7 
PROVOUNGR BRE POCOOCNIOR 00 aici ccc mee cesstecnssscesccesessenessscccsscces 8 

Soil decontamination . 2.2... ccc ce eee teen eee eeeeeees 8 
TEE ETT Te TTT TERT CERT TLE TERETE TET ET TTT eee 8 
ee eee ee ee eee ee ee re ee 8 
a PERT ETT TE TET TELENE TEP TE EET T Teer eee eee Te TeTTTr Teer ecere 8 
ne EEE TERETE TUTTE TREC ERC TTE TTT CTT E TTC SCTE eee 8 
POPINNNII 5k 695.4 8 ae ahs aes 6 Oh 4 64 60468 4559408 bn sw esa dented 444e8 8 
A ee ee ee er eee er ee Sere ee ee ee ee ee en ere 8 
High-frequency sound .......... cc ccc ccc cece ec eee eee eee eee eeeeeeeeeees 8 
Alarm and distres. calls 0.00.60 ccc cece cece eee eeeeeeues 9 
CORE COTE 56 oe te bec beste Ces vee eis es ee edhe ee acest beans stad euees ons 9 

Be RONNIE ooo cn ced acer eben cease €4 E04 5 CERN Seah ns 5h ode cde ae ened yasnneeeans 9 
3 ee er er rn en 9 
TERT CTRL TE TT TET TUE CTC C TOT T TTT CTC TTT TTC CCT TTT Te 10 
BS PEVECETERTEE TIT OCTET TE ECE TOTES ESET ECE TTT C TUTTE TOT TT TTT ee 10 
| PETC T TTT EE CET ERECT RET ETT TTC TIT CETTE TET Tere Tee 10 
Internal Revenue Service — Residential Energy Tax Credit ...................0...... 10 
Be Pee EET TTT TTTT Te TERETE RETOTT TT TTT Te TTT ee 1] 
Fans -—-“Blower Gor” 0... ccc cc ccc cece cece cece ecccsececccccccvcees 11 
Smoke generators and air-flow indicators 60. ccc cee ees 12 
JL MERE ECEE TET CUTE OTIC U REET TRE TT CCT ESTE CTE TT ETT ESET CT eT TCT eT Terre 13 
Constantine's Batproofing Valve-like Device... 00.00.0000 ccc ce cee 13 
Blocking and Sealing Holes 2.0.0.0. 00 cee eee eens 14 


PEST DOCUMENT AVAILAPLE 





Contents—continued 


Batproofing Materials ............. 20-22. - ec c cece e eee ee eee eens acre eeeees 14 
ee ee 14 
Weatherstripping.................. ou beu ee CaNawS ON49 403554500004 054s00 00048 14 
PN oa gos cvnc nace cewen cease es beeen neeeeeseun es esnssusbahaneesereessres 15 
a ee ere ee 15 
ee ee 16 

PP ee Te eS eee Tee eT eT Tee eT ee Te ETT T eT TTC TE TT 16 
Spanish or concrete tile ... 2.2... 2... ec cece eee cece eee eee eeeees 16 
Corrugated and galvanized ..... 2... 22... ec eee cece ee eee e eee eees 17 

I on eo evens 005405554448 59456 55 6 OESE SERENE SEERA SEES 4655 049NS SERS OREEES 18 

I FINI «i 5 i556 w9 ove 65 06 5 49 409065 600095 05 04 oo soe hese sesenenesees 18 

Tem Cais TOO aia os 5565656 oc ccw eet idnccecsseeysnnstiveneeseses« 18 

We TRIE i ig 6 ke ae te eee be nnn sone ress osbs densa endeeeee set ens 18 

Oe CIE cones os ores enn eo none en gana cede isenee st 7 1beneebodvaneuanesneeues 18 

ee ee er rr 20 

Pieri Tak GUNG ao oto ok oa os oes kn nn ohhh beeseawerencess 20 
ee ee eee 20 
ere ree rere Teer eee eee reer eT Te Tee TTT Ter eT eT Te 20 
a IEE GF IN on nn one oe neo a oa sn bn cy eee ees eke cen eda knees tans 20 

Discussion and Recommendations... ...... 2... 6... c ccc cece cece e eee eens 22 

Bat Management Problems .................... 0. cece ee eee cece cece eee eeeeees 22 

at CII, 5 nae vine 5 5 00 65 e 655 0s 0s 056565 c etna sents tieustineees 22 

Bat Management in Cities and Suburbs ... 2... ccc eee eee eee 23 

Research Needs .. 2.2.2... ccc ccc ccc ccc ccc cece cece ence ce ceeesstesceceeecs 23 

Bat Management Legislation ... 2... 2... eee eee eee eee nees 23 
PUNO ino 5c ceed deca nd ceen sen bao oud bees eedsases ee abeeecnenes4dnecenvens 23 
OPE reer rr rr Tee Teer ee eT eer Tee TTT eT eT Tee eee TTT OCT TT eee TT ee 23 

| ere eee eee Teer TT Ter rere TTT eTe rere rrere ree reese 25 
EEO PPTT TILT TeTTTETeCORLTPCET ETE TTR OTT TORTI TTT TTC rere ee 25 
Appendix A. Identification of bats most often encountered by humans in houses ....... 28 
Appendix B. Key to species accoumts ... 0.2.0... cece cece ccc cece cece reese eeeee 29 


TEST DOCUMENT AUNLAMLE 


House Bat Management 


by 


Arthur M. Greenhall 


U.S. Fish and Wildlife Service 
Division of Wildlife Ecology Research 
Washington, D. C. 20240 


Abstract 


Ihe soundest long-term solution for the management of bats that enter buildings and cause a nursance 
problem or present a public health hazard ts by batproofing the structure. Chemical toxicants do not solve 
house bat problems and may create worse ones. This manual describes batproofing techniques that will 
provide effective and acceptable alternatives for dealing with house bat problems and hazards. Recent 
declines in bat populations and greater appreciation of the ecological importance of bats have identified the 
need for sound management strategies that will encourage bat conservation while protecting human health 
and solving nuisance problems. One of the best deterreats against house bats ts to improve the energy 
efficiency of the structure since bats may enter holes through which heat ts lost. Heat conservation methods 
used for batprooting will also be eligible tor Federal residential energy tax credits. The manual should be 
usetul to homeowners, public health officials, physicians. veterinarans, conservationists, and others 


interested or concerned about bat interactions with humans 


Throughout history bats have aroused the curios ty and 
interest of men. Bats of the United States feed primarily 
upon insecis, Many noxious. Natural bat roosts are caves 
and tree hollows. A few species have readily \aken their 
abode in houses thus gaining for themselves the name of 
“house bats” (Allen 1962). 

Bats found north of Mexico are almost entirely beneficial 
to man. Infrequently they become nuisances or pose public 
health problems. Untortunately, most bat complaints arise 
from an cXvaggerated fear of bats, not from any actual 
damage however, some form of management ts pustified and 
the type of management depends upon the problem. 

bear of rabid bats. as well as sensational and inaccurate 
news coverage, has engendered the use of potentially 
dangerous chemicals to kill bats in buildings. This may 
create worse public health hazards by increasing contacts 
between humans and sick bats, in addition to exposing 
people to dangerous pesticides through contact, inhalation. 
or ingestion of contaminated food. The conspicuous decline 
of bat populations, the excessive use of toxicants to kill bats 
in buildings. and the need for effective methods of bat 
management have led to the preparation of this manual. The 
purpose of this publication ts to provide a better understand- 
ing of the biology and ecological role of insectivorous bats 
and to describe then occasional conthects with people and 
how these may be alleviated. The present methods and 
practices in bat management reviewed and 
promising areas for further investigation are suggested 


hove are 


Special emphasis ts placed on “batprooting™ of exclusion as 


the soundest long-term solution for the management of 
house bats. 

One of the best deterrents against house bats is to improve 
the energy efficiency of a house by insulation, weatherstrip- 
ping. and caulking. The Internal Revenue Service (IRS) has 
informed the U.S. Fish and Wildlife Service (F WS) (IRS, 
personal communication) that these energy-conserving 
methods, besides lowering heating-cooling costs and provid- 
ing long-term batprooting, are also cligible for a Federal 
residential energy tax credit as provided by the Energy Tax 
Act of 1978 (Public Law 95-618). In addition to the Federal 
energy tax credits, 43 States grant some sort of tax benefits 
to residents who spend money to reduce their energy use 
(Anonymous 1980c). 

In this manual, the term “management.” rather than 
“control.” 1s preferred. To some, control implies the 
reduction of bat populations without regard for the welfare 
of the target species, whereas management is directed at 
resolving the conflict without long-term adverse effects on 
bat populations. Aninial Damage Control (ADC) activities 
of the F WS are contined to the target species and applied to 
individuals or local populations of bats in a house, church, 
school, or other buildings, and do not result in long-term 
injurious effects. Killing bats with chemicals ts unnecessary 
and may. in fact, create more serious health hazards than are 
present without lethal control. 

House bat problems vary widely duc to multiple types of 
structures, construction, materials, age, and other tactors so 
that no single method can be recommended to solve all 





problems. Often a combination of methods should be 
employed. The recommended approach to house bat 
management is “Integrated Pest Management” which 
utilizes biological, physical, and chemical controls as well as 
habitat modifications (Bottrell 1979). 


Review of Biology and Ecology of 
Insectivorous Bats 


Bats are the only truly flying mammals and belong to the 
order Chiroptera — “handwing.” Their ability to fly, their 
secretiveness, and the nocturnal habits have undoubtedly 
contributed to bat folklore, superstition, and fear. 

Bats are worldwide in distribution but mainly tropical. 
There are 18 families of bats and about 900 species — on!» the 
rodents exceed them in number of species within the «lass 
Mammalia (Tuttle 19794). Bats are commen in all the 
United States. About 40 species are found north of the 
Mexican border occurring from coast to coast and into the 
mountains, although they are most abundant in the 
Southwest (Barbour and Davis 1969). 

The natural habitat of most North American bats is caves 
and trees. Many bats are found in mines and some in 
buildings. Day roosts are dark and secluded. Foraging areas 
are around water, forests, ravines, and buildings. With the 
advent of cold weather bats migrate or hibernate in caves, 
mines, and sometimes in houses. These hibernacula usually 
have high humidity and above treezing temperatures. 
Active. non-hibernating bats spend the day hanging in 
secluded retreats and become restless as evening approaches. 
Upon leaving their roosts to feed, bats usually tirst fly to a 
pond or other water source to drink. A second feeding 
period may occur just before daylight. 

Most bats in the United States and Canada are insectivo- 
rous, catching small flying insects, many harmful, by sonar 
or echolocation. Some bats may consuine up to one-half 
their weight of insects in a night. The littl brown bat 
(Mvotis lucifugus) commonly found in buildings, feeds on 
midges, mosquitoes, caddis flies, moths, and beetles. One 
study found 140 mosquitoes and other insects in the stomach 
of a single litthey brown bat (Bellwood and Fenton 1976, 
Anthony and Kunz 1977). Tuttle (1979+) stated that S00 bats 
can easily capture $00,000 insects a night. 

lhe big brown bat (Fptesicus fuscus), also tound in 
buildings, may fillits stomach int h. Gould (1985) found that 
an adult accumulated tood at a rate of 2.7 g ho Seven orders 
of insects, meluding beetles and stinkbugs, are caten 
(Phillips 1966). Many of the insects reported are harmtul 

The Mexican free-tailed bat ( Vadarida brasiliensis) torms 
the largest colomies of any mammal. Some Texas cave 
colonies contain as many as 20 million individuals and could 
consume more than 45,000 kg (100,000 Ib) of insects nightly 
(Tuttle 1979A) 

Many animals use sonar to navigate, locate, and avoid 
obstacles. Bats use sonar for those purposes and to capture 
flying insects. High-frequency sounds. inaudible to humans. 
produce echos permitting bats to measure distance. Bats also 
make audible sounds 
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in the United States bats mate in the fall and winter but 
the female may retain sperm in the uterus until spring when 
ovuiation and fertilization take place. Pregnant females 
congregate in nursery colonies in caves, mines, buildings, or 
other dark retreats. No nests are built. Birth occurs from 
April through July and most species produce a single young, 
although some have twins and a few have litters of three or 
four. Young bats grow rapidly and are able to fly within 3 
weeks. When adept at flying and catching food, juveniles 
become less dependent on their mothers and the maternity 
colonies disperse after weaning in July and August. 

Around first frost bats prepare for winter. Some species 
migrate relatively short distances, whereas certain popula- 
tions of the Mexican free-tailed bat may require migratory 
flights up to 1,600 km (1,000 miles). Bats in the northern 
United Siaics and Canada may hibernate from September 
through May; hibernation for the same species in the 
southern part of their range may be shorter or even sporadic, 
and some fly during warm spells in winter (Davis 1970). 

Unlike many small mammals whose average life-spans 
may be less than a year, bats often live 10 years or more. Two 
little brown bats were recaptured 29 and 30 years after being 
banded (Keen and Hitchcock 1980). 

Almost all bats are of some economic importance and 
those of the United States and Canada are beneiicial because 
of their insectivorous dict. The guano (accumulated bat 
droppings) is rich in nitrogen and at one \ime was 
commercially mined in the Southwest (Gile and Carreio 
1918: Nelson 1926) and ts still mined in Mexico as nitrogen- 
rich fertilizer. The importance of bat guano has declined 
because of reduced populations of guano-producing bat: 
and the development of inorganic tertilizers. 

Severa! bat species in the United States have declined .n 
numbers during the past 20 years (Barbour and Davis 1969, 
Tuttle 1979a, 1979h). Jones (1971) suggested that the 
widespread use of pesticides has been a major, but not the 
sole, reason tor these reductions. Chemical pesticides have 
decreased the food supply for imsectivorous bats, and 
ingestion Gf contaminated insects has resulted in reduced bat 
populations (Geluso et al. 1970). Thousands of bats die 
annually when people dssturb hibernating or maternity 
roosts. Bat species in the northeastern United States have 
gradually declined where insecticides and rodentrcides have 
been widely used in an attempt to solve house bat problems 


Nuisance Problems 
Why Bats Become a Nuisance 


Some bat species use man-made structures in preference 
to their natural roosts, whereas others are forced to roost in 
buildings when natural roosts, such as caves and hollow 
trees, are destroved (big. 1) Some caves (hig. 2) are ruimed 
by flooding. dam construction, burning of debris (Clones 
1971) of by pesticides (Mohr 1972). Cave roosts also are 
destroyed by cxplosives used in mining and quarrying. 
vandalism, and tourism (Mohr 1972)) Bats hibernating in 
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Fig. 1. Possible roosting sites in a house. (From Greenhall and 
Paradiso 1968) 


winter have been deliberately killed by vandals or uninten- 
tionally by speleologists and biologists because activity 
resulting from disturbance depletes the bats’ limited fat 
reserves (Mohr 1972). Forest management and deforesta- 
tion, particularly removal of diseased or old trees with 
holiows (Fig. 3), have also reduced the number of available 
natural bat roosts (Jones 1971). 

In recent times bat colomes in houses appear to be less 
tolerated. Entire local bat populations, whose maternity 
roosts were in buildings, have been purposely destroyed 
Bats that have adapted from one roost type to another are 
now imperiled by changes in human tolerance of bats and by 
changes in building construction, 1.¢., cavity wall insulation, 
modern churches without belfries, flat gravel roofs, and less 
use of attics and shutters 

The general requirements for bat roosts in buildings are 
known. Colonial bats that live in houses usually occur in 
areas near water and at the edges of woods where insects are 
found in adequate numbers (Fenton 1970). Less well known 
is the importance of other factors that govern roost-site 
selection such as temperature, humidity. vegetation, and the 
physical characteristics of roost sites. Older structures are 
particularly attractive to bats 


When Bats Cause Problems 


Bat colonies may cause a nursance when they are located 
in buildings. The nore created by bats squeaking, scratch- 
ing, scrambling, and crawling in attics, walls, and in 
chimneys can be objectionable if the roost site ts close to 
human living quarters. Bats nearly always reveal thei 
presence by their fecal droppings left beneath entrance holes 
and below roasts. Brown stains and odors from urine, feces, 
and glandular body secretions, found near the eaves of 
wooden buildings and barns, may often indicate the 
presence of bats inside the structures. In old, loosely 
constructed buildings where there *s an attic roost or a space 
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Fig. 2. Possible roosting sites in a cave and under rocks. (From 
Greenhall and Paradiso 1968) 





(trom Greenhall and 


Fig. 38. Powible roosting sites mm trees 
Paradise 196%) 


between the wall and a chimney, excreta may seep through 
cracks and stain ceilings and walls. In churches, bats 
frequently enter through unscreened belfry louvers and leave 
droppings that are plainly visible on the front door stoop 
(Stebbings 1976) 
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Types of Bat Problems 


Bats Inside Buildings 


Ihe discovery of one or two bats ina house is probably the 
most frequent problem. Ihe large brown bat accounts for 
most of these sudden appearances Comny « in towns and 
cities, it often enters homes through open windows . 
ungrated fireplaces. These bats may occur singiy. in pairs, or 
in small groups. If unused chimneys are utilized jor summer 
roosts, the young may fall or crawl through the damper and 
into the house when they are learning to fly and their parents 
may tollow (M. D_ Tuttle. personal communication) 
Sometimes one or more bats may appear in a screened room, 
and then disappear by crawling under a door crack. In the 
laintude of New England. the big brown hat frequently 
hibernates in houses or public buildings (Godin 1977). 
gaining entrance through crevices between the outer wall 
and the chimney. by a crack around a window. or through 
holes between loose boards of bricks. These bats may 
suddenly appear in midwinter during a warm weather spell 
and fly about the house. Migratory bats occasionally enter 
buildings overnight during their spring and tall migrations 
A bat will usually tind the way out by detecting a tresh au 
movement. therefore. the simplest solution to md the 
building of the bat 1s to open all windows and doors leading 
to the outside. If it os still present at mighttall, the hghts 
should be turned off to help the bat tind open windows or 
doors. If the hghts are turned on. the bat may scck refuge 
behind drapes. curtains, and wall hangings. Bats usually will 
not attack a person cven when chased. Il the bat refuses to 
leave, uo can be caught in a net. small bow of can. of ina 
gloved hand and released outside. Alternainely. local health 
authorities can be called to collect the bat (hig 4) 

Most bats are able to squeeze through surprisingly narrow 
shits and cracks, the smalicr species require an opening no 
wider than 9 Som} Son.) or a hole the diameter of a dime 
The little brown bat can enter a space 16 bv 2 2omi$ & by 

Kin.). the large brown bat can sygucesc through an opening 
12 bv Li omil-l 4by 1 Jon) 

Attractive openings are tound in old trame structures 
where boards shrink. warp. of become loosened Bats 
commonly enter buildings through the overhang of the root 
made by overlapping sheeting of drop siding. [hey are most 
often tound in attics, between roots and ceilings of root 
spaces, in cornices, Lascias. or other crevices around the root 
in walls. in chimneys, around drampuipes, behind rafters and 
sheathing in open barns, between a window and screen. and 
occasionally m crawl spaces. Depending on the size of the 
space and on the species, hats will be tound singly 
congregated in groups of a few ondividuals, of in colonies of 


hundreds and occasionally thousands 


Guano, Urine, Odor, and Ectoparasites 


Bat guano and urme accumulating in atts and wall 
spaces attract arthropods such as roaches and mites 
(Constantine 1970). The accompanying odor can be pungent 


but not dangerous. Bat ectoparasites, such as ticks, mites, 
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Fig.4. Member of New York Ciay's Bat Squad (Photo by 
Stephani Marcus) 


fleas. and bugs. rarely attack humans (Scott 1764). They are 
most likely to cause a nusance alter a house has been 
hatprooted. thereby ridding the editice of bats but leaving 
arthropods Arthropod problems are unlikels except in 
larg~. well-established bat colonies where fumigation may be 
apprepriate (Pratt 1958) Ectoparasites quickly dic in the 
absence of bats 


Bats Outside Buildings 


Some bats temporarily roost behind shutters, under wood 
shingle siding and rooting. root gutters, awnings, trom with 
overhang. under flashing around chimnesvs which his 
separated of loosened trom the sold structure open 
garages. patios. porches. breesceways. open livestock shel- 
ters, and under sheets of Larpaper. Shutters on brick houses 
are especially attractive as day roosts for transient bats on 
migration and tor males that trequently take refuge behind 
shutters during the nursing season In cxaceptionally hot 
weather, individuals may abandon an attic and reside behind 
shutters. Big brown bats are partial to roosting behond the 
trim below roots of houses. Unusual roosting arcas include 
sewers, wells, and gravevard crypts. Bats also will fly around 
swimming pools trom which thes may drink of catch insects 
that are attracted to water. Street and jorch lights attract 


tiving insects which in turn attract bats 


Disirthution of Problems 


House bat complaints come trom throughout the United 
States (Natvonal Research Council 1980) and southern 
Canada the greatest number originate trom the North 
eastern States New England and adjoning Canada. New 
York, New Jerseys. Pennsvivania. and Marviand = thes 
ditoibutron of complaints appears to be related to the 
attention given by news media concerning trates (1D) G 
Constantine. personal communication) Additonal bat 


complant “hot spots” cast om Wisconsin, Hhinons. and 
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Indiana. Numerous complaints also orginate in lexas and 
Caliornia 

Human reactions to the presence of bats in buildings vary 
trom place to place. Otten bats that annoy one resident may 
be encouraged by a neighbor to coexist. House bat colonies 
are common in Florida but very few complaints (of bats in 
buildings) come trom that Sate. This may be due to the 
abundance and variety of Florida wildlite living in proximity 
to people. In sharp contrast to Florida is New York City 
where bats roosting in buildings are rare and a single bat 
fying into a priv ate apartment or office may gencrate instant 
panic. !he solitary migratory red (Lassurus borealis) and 
hoary Dats (/ asturus cinereus) constitute the major problem 
in New York City. especially Manhattan, by flying into 
ottice buildings where they have been observed as high as the 
27th tloor (A. Beck. personal communication). They are 
particularly abundant during the 3-month period Deginning 
with August (Anonymous 1977). 


Confusion of Bat Problems with Those 
of Other Animals 


its essential to verity that a nursance ts caused by bats. 
Twittering and rusthng sounds in old chimneys. often 
attributed to bats. may be caused by chimney swilts 
iC hactura pelagica). Scrambling. scratching, and thumping 
sounds coming trom attics and walls may be caused by rats 
(Rattus rane). mice (Mus musculus). or ting squirrels 
(Glaucomys volans, G. sabrnus) Bats often become nosy 
dbetore leaving their roosts at sunset and may chatter on hot 
days when thes move into walls to seck refuge from heat 
Thus. an increase in nones about dusk probably indicates 
hats 

Droppings trom insectiorous bats are easily distin- 
guished trom those of small rodents because of thei 
triability. They are casily crushed by rubbing between the 
fingers which reveal shiny bits of undigested insect chitin 
(the exoskeleton of the insect) In contrast, rodent droppings 
are unsegmented. harder. and more trbrous (Greenhall and 
Paradiso 1948) 

Occasionally the droppings of birds and hvards that teed 
on imsects may be found along with bat droppings. Bat 
droppings never contain the white chalky (une acid) 
material characteristic of the feces of these other animals 


Species of Bats Causing Problems 


\mong the 40 species of bats in the U nsted States, only a 
few cause problems in buildings” Phe most common house 
bats Congregating on groups of colonies are called colonial 
bats Other species live a secluded of solitary existence and 


ate &nown as solitars bats 
Colomal Bats 


The three species most often encountered by humans are 
the litth brown bat. big brown bat. and Mexican tree-tasled 
hat 
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The little brown bat is one of the most abundant species, 
often forming nursery colonies in buildings during the 
summer. Adults and young vacate the building: in the fall to 
hibernate in caves and mines. Colonies may be as large as 
2.000 (Humphrey and Cope 1976). 

The big brown bat is undoubtedly the most familiar to 
humans and the only species for which buildings are ideal for 
both raising young and hibernating. Colonies are small, 
ranging from 12 to 200 (Barbour and Davis 1969). 

The Mexican free-tailed bat is the most colonial of all 
bats. Its habits vary in different parts of the country. 
Primarily a cave dweller in the Southwest, a colony may 
include thousands of individuals. In Florida this bat never 
enters caves and thousands have been found in a single 
buiiding. Some populations migrate 1.600 km (1,000 miles) 
to overwinter in Mexico whereas others are year-round 
residents (Davis et al. 1962). 


Solitary Bats 


Solitary bats live alone in tree foliage or under bark. but 
never in caves. The red bat, the hoary bat, and the silver- 
haired bat (Lasionyvcteris noctivagans) may occasionally 
enter buildings during spring and fall migrations as 
transients but do not permanently roost in buildings 
(Barbour and Davis 1969). 

A number of other bat species are occasionally found in 
buildings but, because they infrequently cause problems, 
they are not discussed. Appendix A contains an identifica- 
tion kev to the bats most often associated with houses. 
including detailed descriptions and photographs. 


Public Health Hazards 


Rahies in Bats 


Rabies os the most important public health hazard 
associated with bats, but its impact has been vastly 
exaggerated. The first State to report rabies in a bat was 
Florida in 1983 (Venters et ar 1954). By 1978, rabies had 
been reported in 30 of the 40 bat species normally found in 
the United States and in all 48 contiguous United States, but 
no imerease mm the rate o! infection has been detected 
(Constan ine 19794) In 26 years, there have been only exght 
human tatalitees on the United States and Canada attributed 
to actual bites of rabid bats and two human deaths probably 
duc to nonbite acrosol transmission (Table 1) Putthe (19794) 
noted that “bar more people dic every Vear trom dog attacks. 
bee stings. power mower accidents, or even trom being 
struck by lightning.” Untortunately, newspaper reports and 
television) coverage of bat bites are often sensational, 
csaggerated and grossly inaccurate, perpetuating misiead- 
ing information The Washington Post. 20 September 1979 
carried thes feadline “WARNING SICK BIRD MAY BE RABID 
#At 12 Milhon of the Winged Mammals to Pass through 
Md on Wey South“ On 17 August 1980, the Washington 
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Table |. Summary of 10 human cases of rabies attributed to exposure to insectivorous bats, 
United States and Canada, 1950-1979 (prepared by D. G. Constantine). 








Year of exposure _ Locality Bat species Circumstances of exposure 

1951 Big Spring. Texas Unknown Bitten while handling moribund bat. Bat not tested. 

1955 Fro Cave, Texas Free-tasled bats Auborne infection probabic, 0. SG infected among 
(Tadaride brasiliensis) milliom of bats present. 

1958 Magalha. Califorma Silver-haired bat Baten wale handling moribund bat. Bat rabies 

(Lastonvcteris noctivagans) positive 
1959 Fro Cave, Texas Free-tailed bat Aibcrne infection probabic, from 0.5% infected 
among milhons of bats prestnt. 

1959 Blue River, Wisconsin Unknown Sleeping person bitten cn car. Bat not tested 

1970 Willshire, Ohio Big brown bat Bitten on the thumb while asleep. Bat rabies 
( Eptesicus fuscus) positive. Patient survived. 

1970 Saskatchewan, Canada Unknown Bitten on face while in bed. Bat not tested. 

197! Sussex County, New Jersey Unknown Person bitten on lower lip. Bat not captured. 

1973 Lexington, Kentucky Unknown Bitten on car while asleep. Bat escaped. 

1976 Ceal County, Maryland Big brown bat Bitten while brushing bat off shoulder. Bat rabies 


positive 





Post headlined a news item “Thousands of Bats, Some 
Rabid. Infest Hagerstown Homes.” Such misleading ac- 
counts usually elicit intense public reactions that generate 
vociferous demands for complete bat destruction ( National 
Academy of Sciences 1973; Mohr 1976). In addition, the 
following sequence of events usually occurs (D. G. Constan- 
tine, personal communication): application of some chemi- 
cal (DDT or anticoagulant) to kill the bats which results in 
increased numbers of grounded bats. \..<reasing the proba- 
bility of human contact and anti-rabies treacment. If a dog or 
cat is involved, the pet may have to be either quarantined or 
destroyed (Coastantine 1979). 

Rabies in insectivorous bats 1s generally similar to rabies 
in carnivores, differing in that bats fly, are rarely aggressive. 
and some species frequent buildings. Constantine (1979a) 
stated that about 10°] of suspect bats submitted to health 
departinents have rabies and fess than 0.5% of seemingly 
normal bats have been found to have the virus. 

In Californsa, D. G. Constantine (personal communica- 
tion) found. in 1979, that about | bat in 1,000 was rabid. He 
cautioned that figures cited about rabies occurrence in bats 
are frequently misleadingly high because they do not reflect 
random samples of wild populations 

Acrosol rabies transmission has been shown to be a 
hazard to humans and other mammals (World Health 
Organization 1973). It ts not a public health hazard with 
house bats. The two probable airborne rabies cases were 
acquired in one cave in Texas occupied by milhons of 
Mexican free-tailed bats (Constantine 1967a, Table 1). lo 
demonstrate that airborne rabies occurred, foxes and 
coyotes died of rabies within the cave even though they had 
been placed in screened cages to protect them from bat bites 
Although rate of infection among the bats was low the 
exceptional environmental conditions in the cave were 
conducive to aerosol transmission of rabies. Such transmis- 
sion likely occurs in only a very few caves (Constantine 
1967) 
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Post-exposure Prophylaxis 


A safer and more effective vaccine against human rabies 
than Duck Embryo Vaccine (DEV) was approved by the 
Food and Drug Administration on 9 June 1980 (Centers for 
Disease Control [CDC] 1980). The new vaccine, human 
diploid cell rabies vaccine (HDCYV), is an inacivated virus 
vaccine grown in cultures of human diploid cell tissues. 
HDCV induces active immune responses in about 7 to 10 
days after just five injections. DEV is less efficent in 
producing immunity and requires 23 injections. In addition, 
adverse reactions with HDCV are less common than with 
DEV. HDCYV ts administered in the arm and 1s given along 
with rates immune globulin, human (RIG). RIG provides 
rapid, temporary protection rarely causing adverse reac- 
tions. It replaces antirabies serum, equine, which causes 
serum sickness in over 40% of the adult recipients. Studies 
conducted in late 1979 in Germany and Iran confirmed the 
safety and effectiveness of the new vaccines (CDC 1980). 

Bat bites should always be considered as potential rabies 
exposures. Immediate and thorougt washing of all bite 
wounds and scratches with soap and water ts probably the 
most effective measure for preventing rabies. Tetanus 
prophylaxis end measures to control bacterial infection 
should be given as indicated (Anderson and Winkler 1979, 
CDC 1980) 

Post-exposure antirahies immunization should always 
include both passively administered antibody (preferably 
RIG) and vaccine (preterably HDCV) RIG ws administered 
only once, at the beginning of antirabies prophylaxrs to 
provide antibodies until the patient responds to vaccination. 
lf RIG madvertently was not given when vaccination was 
begun, it can still be given up to the eighth day after the first 
dose of vaccine vs given HDCY should be administered in 
conjunction with RIG and consists of five I-mlL doses grven 
intramuscularly (in the deltowd regions) The first dose 
should be given as soon as possible alter the exposure, an 





additional dase should be given on cach of days 3, 7, i4, and 
28 after the first dose. The World Health Organization 
(WHO) cw cently recommends a sixth dose 90 days after thz 
first dose (DC 1980). 

A serum syecimen tor rates antibody testing should be 
collected on day 28 (at the time the last dose ss given) or 2-3 
weeks after the last dose. If an adequate antibody titer is not 
detected. a booster dose is given, and another serum 
specimen for rabies antibody testing is collected 2-3 weeks 
later. Testing for rabies antibody can be arranged by the 
State health department. 


Pre-exposure Immunization 


The WHO Commiuttee on Rabies Sixth Report (1973) 
has recommended pre-exposure immunization against rabies 
for persons who run a high risk of exposure: bat biologists, 
vetermarians, pest control operators, and others whose 
pursuits might bring them in contact with potentially rabid 
bats should consider this precaution (Trimarchi 1978). 
Although docs not chmuinate the need for additional 
therapy after a rates exposure, it simplifies the therapy by 
chmuinating the need for globulin and decreases the number 
of doses of vaccine needed. Three I-mL. injections of HDCV 
should be given intramuscularly (in the deltosd avea), one on 
each of days 0. 7, and 21 or 28. All who receive pre-exposure 
immunization should have serum for rabies antibody testing 
collected 2 3 weeks after the last injection. If the antibody 
response ts not adequate, a boosier should be given and 
serum  ollected for antibody testing 2 3 weeks later. Persons 
with continuing risk of exposure should receive a booster 
dose (1 mL) every 2 years or have their serum tested for 
rates antibody every 2 years and. if the titer 1s madequate, 
have a booster dose. 

For assistance on problems or questions about rabies 
prophylaxis, pre-exposure immmunizatign, of imadequate 
titer, call your local or State health department, or the Viral 
Disease Division, Bureau of Epidemiology. Centers for 
Disease Control (404) 329 3727 dunng working hours, or 
(404) 329-3644 nights. weekends, and holidays 


Prevention of Exposure to Bat Rabies 


Most rabies exposures could be avowed if people simply 
refrained trom handling bats. Because there have been a few 
contirmed bat-transmitted rabies deaths im humans. bitten 
persons are routinely treated to prevent rabies. Treatment is 
discontinued only if the bat can be shown to be rabies tree 
Pets that have been bitten and not recieved antirabies 
vaccination are either quarantined or destroyed. Unpro- 
voked bat attacks on humans are extremely rare. Bites 
usually are defensive, occurring when people handle sick or 
moribund bats Effective wavs to minimize potential 
human bat contact are (1) cautioning the general public not 
to handle bats and (2) exercising care om handling bats 
Inexpervenced people should never touch bats with bare 
hands. Bats can be prcked up with gloves, forceps. or a stick, 
It a bat has bitten a person or pet, tt should be captured, 
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without destroying the head, and placed in a cloth or plastic 
bag. Dead bats should be shipped under refngeration to the 
nearest health laboratory for examination. 


Bat Rabies Control Policy 

Since rabies has been detected in the majority of bat 
species and reported from the 48 contiguous United States, a 
few States have developed bat rabies control policies to 
assist county and city governments in coordinating their 
efferts with state public health depari:ments. The Siate of 
California (1977) has a “Bat Rabies Control Policy” which 
can serve as a model. Requests for information should be 
addressed to the State of California Department of Health 
Services, Veterinary Public Health Unit, 2151 Berkeley 
Way. Cal- 
fornia %s 


Histoplasmosis in Bats 


Histoplasmosis ts an airborne disease caused by a 
microscopic soil fungus, Histoplasma capsulatum, that 
affects the lungs of humans. It can masquerade as influenza, 
or with more severe symptoms, be misdiagnosed as 
tuberculosis. X-rays may show pulmonary lesions. The 
disease does not respond to tuberculosis treatment. Many 
infections in humans do not produce symptoms or cause 
cistress. Skin and blood tests reveal the presence of an 
infection, however, a positive histoplasmin reaction may 
only be evidence of a previous infection (Tosh and Weeks, 
nd). 


Nature and Distribution 


Histoplasma association with house bats was first 
described by Emmons (1958) when several cases, including 
one human fatality, occurred among the occupants of a 
house in Maryland that coniained a colony of big brown 
bats. In the United States and elsewhere, ecological studies 
have shown that the fungus is most frequently recovered 
from soils enriched by the excreta from bats and birds. In the 
United States almost 90% of all reported cases of human 
histoplasmosis occur in the central part, particularly the 
Ohio River and Mississippi River valleys, extending 
eastward into Virgina and Maryland (Hoff and Biglar 
1981.) As vet. there are no records of the recovery of H 
capsulatum trom Canadian soil (Lb. Ajyello, personal com- 
munication) of from bats or bat roosts elsewhere in the 
United States The fungus ts not found in all bat and bird 
habitats so that the geographic distribution of the fungus 
does not seem to be correlated with that of bats (Ajello 
1969) In contrast to birds, bats are susceptible to histoplas- 
moses and the organism has been isolated from some species 
ot bats vn the United States. However, Ajello (1969) points 
out, “Thos has led to the il-founded speculation that bats are 
active in the epidemiology of histoplasmosis.” There = no 
evidence of transmission of the disease from bats to man 
When soil containing the fungus us disturbed, the spores, and 
possibly hyphal fragments, become airborne and may be 
inhaled by people who enter bat roosts 
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Prevention and Pretectioa 


Fortunately. att\_s that have harbored bats for many years 
and contain suvable accumulations of guano are not 
gencrally located where human occupants are casily ex- 
posed. Relatively few people. even among those actually 
exposed to H. capsulatum, become scriously ill. However, 
there ts potential risk of infectsen to anyone intending to 
remove the guano. duc to spores released by the disturbance. 
Pest control operators and others proposing to undertake 
these tasks should be healthy persons with positive bisto- 
plasmin skin tests and clear chest x-rays. Some protection ix 
possible by wearing respirators that fm properly and are 
capable of tiltcring out particles as small as Jyin diameter or 
by using a scit-contained breathing apparatus. The respira- 
tors should be approved for nursance dusts by the National 
Institute for Occupational Safety and Health( NIOSH: Tosh 
and Weeks. nd.) Dry guano should be dampened with 
water belore its removal to further reduce the hazard of dust 
inhalation. 


Soil Decontamination 


Formalin 1s the most effective chemical for the outdoor 
soil decontamination of HM. capsulatum. Because formalde- 
hyde gas and liquid formalin are dangcrous to humans, they 
are used primarily outdoors, A ¥> solution of formalin 
could be used to decontaminate bat guano in an attic, but 
duc to its hazardous qualities, extreme caution must be 
exercised (1. Ayctle. personal communication). 


Bat Repellents 


Chemical 


Commenting generally on chemical repellents, DO G 
Constantine (personal communication) stated, 


Whereas there 1s an occasional need for properly apphed 
chemical repellents. the need can be echpsed the 
problems that develop a the chemicals arc muapphed 
Untortunatch . corcumstances usually guarantee that hqued 
repellents (usually sprays) arc appled dorecth on the bats 
mstead of on surfaces where thes Land This has been 
observed te cause the affected hats to be grounded Calter 
scattenng. tor mules around on some Cases), presenting a fat 
nore problem. This ports up a need tor delivers of fumes 
rather than hqued on most instances Vs on plugging access 
holes, one os lomeited to the Late sermmer and carly tall tor 
apphcation, otheranc, voung thehtls bats may be 
tlushed (spring through mid-summer). of letharge bats 
mas be expelled (late tall and wenter) Progerly controtled, 
the laiter procedure may be ondrcated om some capertly 
handled instances. In the vast majority of cases, the ase of 
chemical repellents ts superfluous. the deswed results being 
achievable hy plugging accesses” Moreover, chemeal 
repellents are only temporarily cttective 


Naphthalene 


As of January 1981. naphthalene (crystals or flakes) is the 
only chemical registered by the Environmental Protection 


Agency (EPA) as a bat repellent for indoor roosts (EPA 
registration Number 462-19). Naphthalene should be spread 
on the floor or applied between the walls, using about 2.3 kg 
(5 Ib) for every 60 m' (2,000 f°) which should be adequate to 
treat an average attic (EPA 1972). As the crystals or flakes 
vaporize, bats may be repelled. Heavier dosages. 4.5 kg (10 
Ib). may dislodge bats in broad daylight within a few minutes 
after introduction. The bats do not return so long as the 
strong odor remains, but will return when 1 dissipates. If 
necesary, the application may be repeated. Its efficacy is 
greatest when used in confined air spaces. Humans should 
avoid its inhalation and sensitive individuals are cautioned 
against all contact (Morgan 1977). 


Non-chemical 
Mumination 


In Canada, Laidlow and Fenton (1971) reported that a bat 
nursery was substantially reduced by artificial light. Fiood- 
lights strung through an occupied attic te lumuinate all bat 
roosting sites may cause bats to leave and seck a new 
location. | _rge attics may require four or more 100-watt 
bulbs. A 150-watt spothght is more effective. Fluorescent 
bulbs may also be used to illuminate dark areas. 

The size of colonies in the roots of nine Canadian houres 
decreased by up to 90 when they were subjected to 
constant illumination, whereas two unlit control colonies 
increased by $7 and 97). respectively. In some situations i 1s 
difficult and costly to adequately light a roosting locacon 
Miumimation ts cleaner than other methods and sater tor 
both humans and bats. 


Dratts 


In open spaces where ilumination might not work, the 
area may be made more undesirable for bats tf it ts possible 
to open doors and windows of otherwise create drafts. 
Caretully directed breeves produced by clectric fans have 
successtully repelled bats according to Constantine (1979q). 


High-frequency Sound 


High-frequency sound has been used to repel or disperse 
bats Hill (1970) connected 12 adjustable high-frequency 
(about 4.000 to 18.000 ops) dog-traming whistles to ory gen 
cvlinders located at varrous pounts in berldings at a nuclear 
power station After 48 ho of continuous operation S00 to 
1.000 bats (species not mentioned) no longer occupied the 
building Three dog whistles attached to a large aquarium 
pump also had a repellent effect on bats. Its beleved that 
the higa-trequency sound waves somehow cither intertere 
with the bats’ ability to navigate or otherwise disturbs them 
Constantine (1970) mentroned that persons in the vicunity of 
the ultra-sound emrssions became innmtable and nervous 

Clams have been made that some sanable trequencs 
ultrasome devices used tor rodent control are highly 
effective against bats. However, Hurley and Fenton (1980) 
stated that ultrasome rodent repellents they tested tor the 
control of ftthe brown bats were not effective 
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The FWS has initiated research on auditory repellents. In 
1974 a sonic device, the EI-700-A_ Bat-Il-Cator, was 
evaluated in Maine, New Hampshire, and Massachusets (J. 
W. Peterson, personal communication). This device emits 
an intermittent high-pitched “beep” which it was hoped 
would repel bats from structures. It was tested in about 10 
different sites. Peterson said, “In all cases, it was evident that 
the Bat-l-Cator did agitate, confuse and disorient the bats 
causing them to fly more erratically and to relocate away 
irom the machine. Bat counts before and after using the 
machine did not indicate any appreciable reduction in 
numbers.” 

Ihe EPA tested a number of rodent electromagn «ic 
repellers wich were removed from the market because they 
did not work for bats as claimed (Smith 1979). 


Alarm and Distress Calls 


Distress cries of bats can be used to attract other bats to 
nets or traps. Litth brown bats and big brown bats 
responded to their own distress cries but not the cries of 
other bat species (Fenton et al. 1976). The authors 
emphasized the importance of ultrasonics but it is evident 
that a great deal ts unknown about the role of vocalizations 
in bat behavior. 


Contact Repellents 


Sticky-type repellents, such as rodent glue boards, Roost- 
No-More, Langletoot, and Tacky Toes have been used in 
situations Where roost surfaces and bat accesses may be 
coated. These glue substances may have to be replenished 
from time to time because dust causes them to lose their 
tackiness (Marsh and Howard 1977). Barclay et al. (1980) 
compared three methods used for controlling bats in 
buildings: use of sticky deterrents, DDT, and sealing access 
routes used by bats. They evaluated the effectiveness of two 
sticky deterrents apphed around entrances to colonies of big 
brown bats roosting in three buildinges: Tacky Toes was 
applied as & paste ina 2-cm- (0.8 in.) wide, 0.S-cm- (0.2 in.) 
thick band onto masking tape surrounding each known 
aceess hole at two colonies, whereas Langletoot was applied 
ina S- to &-cm-(2-to 3.2-in.) wide coat around and inside the 
access routes used by bats at one colony. They found that 
“Sticky deterrents were the least successtul, presumably 
because the bats were able to avoid the substances and 
because movement of the animals over the treated surfaces 
presumably reduced their effectiveness. Although repeated 
applications might) have proved more successtul, this 
method ws no easier and is less permanent than sealing 
entrance and exit holes.” 


Bai Toxicants 
Some public antipathy to bats, especially when they 
become a nurance in houses, derives from phobias based 
upon myths. Lo many people bat prejudice suggests that the 
answer to problem bats ts a bat toxicant. According to 
Constantine (1979a) “Killing the bats is contraindicated 
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This is true for a variety of reasons: (1) It is a waste of time, 
because the animals usual! are replaced promptly by other 
bats: (2) Killing the bats has the effect of displacing the only 
permanent solution, which is physical exclusion; (3) Killing 
the bats is hard to justify, because the incidence of rabies 
infection is extremely low, and the animais are of value in 
insect control; ‘4) But the killing of bats is contraindicated 
primarily because the toxins likely to be used, such as DDT, 
scatter sick bats over wide geographic areas (Greenhall and 
Stell 1960) where persons and pets can be bitten as they 
investigate them.” 

The rationale for the use of chemicals to control bats in 
buildings has been the fear of human exposure to rabid bats. 
The effects of organochlorine insecticides applied to bats. 
their roosts, or both, to kill them has been reviewed by Clark 
(19814). 


DDT 


During the late 1940's, DDT became a popular toxicant 
for bat control (Luckens and Davis 1964). The FWS held a 
registration for DDT (50° wettable powder) for bat control 
from 10 June 1966 to 12 October 1970. The FWS terminated 
the use of DDT and its recommendation on 2 July 1970. Two 
years later, FPA placed a general prohibition on the use of 
DDT except where certain public health hazards exist. Thus, 
DDT is the only chemical federally registered by EPA 
(Registration Number 36765-1!) as a toxicant for bat control 
and it is necessary to obtain special approval for its use from 
CDC (Anonymous 1975). 

On 28 May 1976, CDC became the agency responsible for 
the issuance of DDT for ‘he control of bats inside buildings, 
where they constitute a demonstrated rabies health hazard. 
DDT can be used only by agencies approved by CDC. Only 
after practical alternative methods have failed will CDC 
provide, on approval of a request, one 300-g (105-07) 
package of 75¢7 DDT wettable powder (CDC no date; Lera 
and Fortune 1978). 

Residues of DDT are known to be highly toxic to bats. 
This compound was evaluated by Greenhall and Stell (1960) 
who found that it killed bats for at least | year. These authors 
found that bats were poisoned and scattered for as long as 4 
vears after an application (unpublished observations). Kunz 
et al. (1977) studied the mortality of a little brown bat colony 
following multiple applications of DDT and clordane, 
noting persistent kill for more than 4 years. Kunz revisited 
the roost in 1979 and found that DDT continued to kill bats 
6 vears later (personal communication). Barclay et al. (1980) 
quantitatively compared the effectiveness of DDT. sticky 
deterrents, and sealing access routes for controlling colonies 
of big brown bats in buildings. Their results confirmed those 
of Kunz et al. (1977) that the use of DDT ts ill-advised. 
Lethal bat contacts could continue tor years after the 
poisons have been applhed: also, bat human contacts 
increased after treatment. Trimarchi (1978) suggested that 
physiological stress could activate latent rabies virus and 
sublethal doses of pesticides may increase the local incidence 
of rabid bats. Barclay et al. (1980) stated. “this situation 





constitutes a strong argument against the use of pesticides to 
control bats.” 

There are other obvious and serious human health 
hazards, such as carcinogens, associated with the use of a 
persistent toxicant (DDT), in the closed areas of a home. Ina 
loosely constructed building, DDT, whether used as a spray, 
dust, or powder can seep down into the living quarters. Since 
DDT is highly persisient (more than 30 years; Pimentel 
1971), it is conceivable that an old bat roost regularly treated 
with DDT and later dismantled could be harmtul to 
humans. 

In discussing the testing of vertebrate pesticides for use in 
disease control Beck and Jackson (1977) stated, “The use of 
DDT or other chlorinated hydrocarbon sprays against rabid 
bats is perhaps the worst possible approach. These methods 
also disperse the colony, cause lingering mortality just as the 
disease does, and increase human contacts and the attendant 
panic with an often inaccurate press.” 

A recent technique reported by Clark (1981a) enables the 
accurate diagnosis of deaths of bats from organochlorine 
pesticides on the basis of residues in carcass fat. The 
technique ts thus applicable for use with bats whose brains 
were removed for rabies testing before the possibility of 
pesticide poisoning had been considered. 


Anticoagulanis 


Although no anticoagulant is federally registered by EPA 
for bat control, a powdered anticoaguiant (chlorophaci- 
none) has been registered for rodents and can be registered 
by individual States for restricted use under Section 24(c) 
“Special Local Needs,” (SLN) of the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) as amended (EPA 
1976). Neveriheless, the hazardous nature of chlorophaci- 
none for house bat control was demonstrated in a major 
prosecution of a Minnesota pest control operator for the 
misuse of Rozol in bat control work (EPA 1980). In a 
wideranging, 50-page opinion, Judge Marvin E. Jones ruled 
on & May 1980 the’ the use of Rozol for bat control 
constituted a public health hazard. 

Constantine (1979a), who testified on behalf of EPA, 
made the following comments on the use of chlorophact- 
none dust to kill bats) “This method was similarly 
unproductive, accounting for the destruction of not more 
that ten percent (usually far less) of resident bats, despite 
applications of massive amounts of the material to attic 
ceilings and walls. In addition to scattering sick bats, this 
method endangers the public health to an alarming extent by 
exposing house occupants to the anticoagulant through 
contact, inhalation, or ingestion through contamination of 
food. Furthermore, the cat that brags the contaminated 
poisoned bat into the house will get anticoagulant in its 
mouth, and the child, parent, animal control officer, and 
laboratory workers who handle poisoned bats can be 
expected to get the material on their hands. Like products 
have passed through the skin.” Constantine also noted that 
the uses of anticoagulants would present similar problems of 
increased human contact with moribund bats as with other 


slow-killing pesticides such as DDT. The recognition and 
treatment of anticoagulant poisoning is described by 
Morgan (1976). 


Fumigants 


Although some fumigants (methyl bromide, hydrocyanic 
acid, and sulfuryl fluoride) have directions for fumigating 
entire buildings, none of these highly toxic chemicals, which 
can be applied only by trained protessionals, are currently 
registered for bat control. Such pesticides should be 
considered for hat control only in a real public health 
emergency, as established by the appropriate State or City 
health officials, and only after all other feasible methods 
have been tried and failed. Treatment of fumigant poisoning 
is described by Morgan (1977). 


Batproofing 


Batproofing in the United States was first described by 
Silver (1935). Silver wrote, “THE MOST SATISFACTORY and 
the only permanent way of obtaining freedom from the 
batroost nuisance .. . is to shut the bats out. This may be 
called *batproofing’ the building.” Forty-five years later it is 
still the only effective long-term solution. It was also 
advocated by the FWS in 1944 (Silver and Jones 1951). 

Usually there are only a few openings to a house bat roost, 
and batproofing is relatively simple because visible bat 
accesses can be easily located and blocked. However, some 
very old homes having large attics with dormers may have 
many small, obscure holes and be more difficult to batproof. 


Internal Revenue Service— Residential 
Enerev Tax Credit 


One of the best deterrents against house bats is to improve 
the energy efficiency of the house by insulation, weather- 
stripping. and caulking windows, doors, and other gaps 
between the exterior and interior of the house. This will not 
only reduce the passage of hot or cold air and moisture but it 
will also eliminate openings used by bats to gain entrance 
into the home. These energy-conserving methods, besides 
lowering heating cooling costs and providing long-term 
batproofing, are also eligible for a Federal residential energy 
tax credit (IRS, personal communication) as provided by 
the Energy Tax Act of 1978 (Public Law 95 618). This 
statute provides a residential energy tax credit of 1S of the 
first $2,000 of expenditures made on or after 20 April 1977 
and before | January 1986 with respect to the taxpayer's 
principal residence, the construction of which was substan- 
tially completed before April 1977. Income tax regulations, 
providing the public with guidance needed for determining 
whether a residential energy tax credit ts available, were 
published on 29 August 1980 in the Federal Register, 45 
FR. $7712 

In addition to the Federal energy tax credits, 43 of the 
United States grant some sort of tax benefits to residents 
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Fig. 5S. Bats enter under eaves, at badly fitting ridge. and under 


stungles, slates, tiles. (By J. Newel Lewas, Dip Arch .F R.LB.A 
irmidad and Tobago) 


who spend money to reduce their energy use (Anonymous 
1I98Oc) 


Location of Openings 


Sources of air leakage may also provide access to bats. In 
very old trame houses with clapboard sidings, one should 
look for openings under overhangs where wood may have 
warped, shrunk. or decayed, leaving small, frequently 
obscure, spaces and holes suttable for bat entrances Other 
bat accesses and heat loss openings are loose vents, cracks 
under loose flashing, eaves, cornices, louvers, where rool 
joins building, under corrugated roofing, spaces under doors 
and around windows, and openings where electrical wiring, 
outlet boxes, and water pipes enter the house (Fig. 5) 


Fans “Blower Door” 


Because bats can crawl through narrow. slits and 
apertures, these inconspicuous Openings must be located 
and sealed for effective bat exclusion. Such holes may be 
located exactly by techniques used in airflow and 
conservation of energy studies to find where heat loss occurs 
in houses. DT. Harrje and G.S. Dutt (personal communica- 
198 1:48 49) briefly 


Princeton University’s “House Doctor” 


tion, National Geographic Society 
described the 
methods for locating obscure holes in buildings where heat 
leaks occur. A house doctor ts a trained specialist who, by 
means of instrumentation. diagnoses the heat losses in a 
house and provides methods to partially reduce these losses 
House doctors usually work as a team of two and actually 
perform a partial retrofit of the house before leaving. Unlike 
energy auditors, who only make recommendations to save 
energy, house doctors require instrumentation to detect 
unusual and obscure heat losses. The instrumentation 


Prer Ran: 
. # . % 
. Bo’ Yuw 





Fig.6. Blower door from Princeton University house doctor 
approach. (Photo by David T. Harrje) 


usually includes a “blower door” which is a door with a 
powerful fan mounted in it. This Coor may be attached to the 
front or back door frames of a house (Fig. 6). The fan can be 
set to create an overpressure (or uiiderpressure) within the 
house relative to the outside 

These fans exaggerate the airflow through all openings in 
the house so that air leaks can be detected by an extremely 
sensitive infrared scanner or by various “smoke” producing 
devices. To improve effectiveness, obvi. < outlets such as 
doors, windows, dampers, and ventilators should be closed. 
Fireplaces may need to be sealed with polyethylene sheets 
and tape to prevent excessive air leakage. The access door or 
trapdoor between the living space and the attic should be 
open. In house bat management, the search for obscure 
holes will be primarily in the attic; therefore, the access door 
or trapdoor should be kept closed and an ordinary S0-cm 
(20-inch) house ventilating fan should be attached to an attic 
window or ventilator (if one exists) 

Simple, but ingenious, homemade devices will locate the 
general direction of air leaks in a house. One consists ot a 
piece of very thin bathroom tissue or extremely thin plastic 
film (such as used in grocery stores to wrap meat and carry 
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Fig. 7. Clothes hanger tilm tissuc air leak detector. (Courtesy of 
Faxon Company, USA) 


produce or the type of film used 6, cleaners for garment 
bags) attached to a clothes hanger by twoclothespins or tape 
(Anonymous 1980a; Rothchild 1980). The tissue and tilm 
are sensitive to small air movements, so when the gadget ts 
placed in front of a wall outlet or window trame, a flutter in 
the materials indicates that air ts causing the movement (Fig 
7). Another method used to test windows and doors tor 
airtightness is to move a lighted candle around the frames 
and sashes. Any air movement will cause the flame to dance 
indicating that caulking and or weatherstripping is needed 

Ihe effectiveness of the weatherstripping may be simply 
tested by lighting a stick of incense or a cigarette and moving 
it close to a window on a cold windy day. The path of the 
curling smoke will pinpoint the source of any air leak 
(Anonymous 1980qa) 


Smoke Generators and Au Flow Indicators 


For ordinary house bat work costly infrared scanners will 
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Fig.8. Bendix Gastiec Aw Flow Indicator Kit. (Photo courtesy 
of The Bendix Corporation, Environmental & Process Instru- 
ments Division) 


not be necessary. Specific air leaks can be easily found by the 
use of an inexpensive air flow indicator, air tester, smoke 
generator, or smoke stick. One air tlow indicator consists of 
a rubber bulb and a glass airflow tube (Fie &). The tube 
contains a porous substance impregnvied with a small 
quantity of fuming sulphuric acid. The tips of the tube are 
broken off and one end of the tube ts inserted into the mouth 
of the rubber bulb. When the bulb ts squeezed air is forced 
through the tube causing a small amount of white smoke to 
emerge from the tube. Faint air currents will become visible 
by the smoke and reveal their source (Fig. 9). The airflow 
tube can be used repeatedly until the smoke ts exhausted. Ifa 
test is interrupted the tube can be sealed at each end with 
rubber caps and stored until used again. No mask ts required 
but as the smoke contains aerosol acidic properties, care 
should be taken not to inhale the fumes. Since no heat ts 
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Fig.9. Smoke trom the Bendix Gastic Ai Blow) Indicator 
pikes it possible to visually determine the directional pattern of 
ar currents. ¢€Photo courtess of The Bendix Corporation 


Povironmental & Process lastruments Division) 
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COLLAPSIBLE TUBE BASE TUBE 





COMBINATION TUBE 


big. 10. Constantine's batprooting valve-like device The light- 
weight, pliable. collapsible tube overlaps the heavier. rigid base 
tube. to which its attached with tape (lustration courtesy of D. 
G Constantine) 


liberated during smoke generation, there ts no fire hazard. 
This airflow indicator kit may bo obtained from the Bendix 
Corporation, Environmental and Process Instruments 
Division, Largo. Florida 33540. 

Another type of smoke stick utilizes titanium tetrachlor- 
ide which combines with air to form a nontoxic, dense, 
persistent white smoke. The end of the smoke stick has a 
cotton swab, which when crushed, produces a stream of 
smoke, about twice the amount as from a burning cigarette, 
for about 10 min. Invisible air currents then will become 
visible by the smoke and traced to their source. By taping a 
smoke stick to a pole it ts possible to locate air currents in 
difficult to reach parts of the attic. Smoke sticks of this type 
may be obtained from the manufacturer, FE. Vernon Hill, 
Inc. P_ O. Box 14248. San Francisco, Calitornia 94114 

The density of the smoke generated depends on the 
humidity present in the atmosphere and increases with 
increased humidity. Thus smoke generated in completely 
dry air will not be visible, nor will the smoke function well if 
the temperature within the test area ts the same as outside the 
house. Lo remedy this, the use of the blower door would 
eliminate the dependence on natural ventilation (DT. 
Harrje. personal communication) 

Obscure openings iaay also be located trom outside the 
house by means of sraoke candles or smoke bombs which, 
when ignited, produce dense white or colored smoke. 
Depending on size, these smoke generators will burn from 
3) sto S min One or more are ignited and placed inside a 
metal container, such as a drum or trash basket, which can 
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Fig. 11. Constantine's valve-like batproofing device placed in 
various installations. Bats in the dark stippled area of the house 
interior are about to enter tube. (Illustration courtesy of D. G. 
Constantine) 


be covered. Holes around the upper part of the receptacle 
permit the smoke to escape and mix with the indoor air. 
After the smokc has filled a portion of the house, its interior 
is pressurized with a blower door or high-flow ventilating 
fan. This forces the smoke out of the house and points of air 
leakage may be seen from the outside and marked with 
chalk. Smoke leakage also may be observed indoors when 
smoke emerges through openings in the floor, ceiling, attic, 
and basement. 


Timing 


Bats should be oui of the building before batproofing 
begins. The best time for batproofing ts in the fall after the 
young bats have learned to fly and before the advent of cold 
weather. The time of day is also important so that holes can 
be blocked tn the early evening after the bats have departed 
to teed. Most bats start to leave a building about 15 min after 
sunset; however, some species of bats leave their reosts later 
than others, some when it ts dark. 


Constantine's Batproofing Valve-like Device 


One of the most discouraging problems encountered in 
batproofing has been the necessity to seal the last opening at 
night after the bats leave the house. This difficulty has been 
overcome by means of a valve-like device installed in the last 
exit(s) (Figs. 10. 11) 
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D. G. Constantine (personnal communication), having 
observed that batproofing can be discouraging when bats 
are in residence because of the necessity for night work, 
described a method that enables the work to be done in 
daytime. “After all entries except the primary one(s) have 
been sealed, a one-way, valvelike device is instailed in the 
remaining opening(s) permitting the bats to exit after dark 
but preventing reentry. The bats depart through a smooth 
tube. Because some bats could reenter by hunching their wav 
up the tube, soiling its surface and improving traction, the 
tube’s end should be pliable enough to collapse closed when 
bats try to reenter. The device can be left in position for 
prolonged periods to permit lethargic or hibernating bats to 
awaken and leave. It should not be used from | May through 
August, when young, flightless bats may be in the roost. In 
due course the tube should be removed and the hole(s) 
sealed. A patent covering relevant methods and mechanisms 
has been applied for and a manuscript ts in preparation.” 


Blocking and Sealing Holes 


If Constantine’s valve-like batprooting device ts not 
available, it will be necessary to resort to the less practical 
procedures for blocking and sealing apertures. All obvious 
accesses should be sealed ‘except one or two of the principal 
openings. For several days, bat counts should be made as the 
holes are closed, leaving the main exit open. On the night of 
the final count when all the bats have left, rags. tissue paper. 
or cotton should be pushed firmly into the main hole to 
prevent reentry. Returning bats may cluster or flounder 
outside the plugged entrance. Early the following evening. 
the plugging should be removed so as to allow any further 
bats to escape before sealing the last hole. If any bats are seen 
within the structure, the routine must be repeated. The house 
should be watched for several evenings at dusk (and later, if 
necessary) to make certain that bats have not found an 
overlooked access. 


Batproofing Materials 


Unlike rodents, bats will not gnaw their way through 
wood or building materials. Soft materials such as insulation 
batting can be easily attached to a building with a heavyduty 
staple gun 

Effective materials to exclude bats are those used in 
caulking, flashing, screening. and insulation. Weatherstrip- 
ping, stainless steel wool, or stainless steel rustproof 
scouring pads are excellent materials to block long, narrow 
cracks. 


Caulking 

Cracks and crevices develop in a structure as it ages and 
bats willtake advantage of these openings. Caulking will seal 
the openings 

To be eligible for caulking income tax credit, the IRS 
considers caulking as pliable material used to fill small gaps 
at fixed joints on buildings to reduce the pas . ge of air and 
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moisture. Caulking includes, but is not limited to, materials 
commonly known as “sealant”, “putty,” and “glazing 
compounds” (IRS 1980). 

Since wood exrands and contracts with the weather, it is 
best to apply the caulking during dry periods when the 
cracks will be their widest. Occasionally cracks enlarge and a 
filler is necessary before a caulking compound is applied. 

Oakum is a tarred-hemp fiber commonly used to caulk 
ships. It packs easily and firmly by hand into small cracks. 
The tar or creosote binds the fiber so that it is not easily 
dislodged and also serves as a ba? repellent. In addition to 
oakum, other fillers are caulking cotton, sponge rubber, 
glass fiber, and quick-setting putiy. 

There are various caulks which may be applied with a 
caulking gun. Latex, butyl, and acrylic have a durability of 
about 5 years and can be painted. Elastomeric types, such as 
silicone rubber and polysulphide rubber, will last indefi- 
nitely, expand and contract with the weather, do not dry or 
crack, tolerate temperature extremes, and come in colors. 
However, some cannot be painted. “Silicone rubber, 
according to Harrje (1978), is clear, long lasting (10-year 
guarantee), and almost invisible, thus matching any decor.” 
Recently self-expanding urethane foams for caulking have 
appeared in pressurized containers and are dispensed 
similarly to shaving cream. When the material is placed ina 
hole it will expand several times to fill the space. After it 
cures and hardens, it may be trimmed, sanded, and painted 
with any type of paint or stain. Princeton University has 
used such self-expanding urethane foams as “Polycel One,” 
“Great Stuff.” and “Touch-n-Foam"(D. T. Harrje, personal 
communicition). 

Houses may need to be caulked in the following places 
where bats may enter: 


¢ Between window drip caps (tops of windows) and siding 

¢ Between door drip caps and siding 

e At joints between window trames and siding 

¢ At joints between door frames and siding 

¢ Between window sills and siding 

e At corners formed by siding 

e At sills where wood structure meets the foundation 

e Outside water faucets, or other special breaks in the 
outside house surface 

e Where pipes and wires penetrate the ceiling below an 
unheated attic 

¢ Between porches and the main body of the house 

¢ Where chimney or masonry mects siding 

¢ Where storm windows meet the window trame (except for 
drain holes at window sills) 

e¢ Where the wall meets the cave at the gable ends of a heated 
attic 


Weatherstripping 


When bats crawl under doors, the space between the floor 
and the door bottom may be scaled with weatherstripping, a 
draft shield, or a gap stopper to close off the space between 
the bottom of the door and the door sill or thresivld 
Weatherstripping 1s made of a Variety of materials including 
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big. 12. Types of weathersirnpping (Courtesy of Exxon Company. 


natural fibers, aluminum, five wore, felt, hard rubber, vinyl. 
and nylon (Fig. 12). A recently developed nylon strip brush 
barrier called “Therm-1-Brush” 1s set in a galvanized steel! 
channel and housed in either aluminum or vinyl (Fig. 13). Ut 
has several advantages over ordinary weatherstripping. | he 
flexible nylon filaments, which com, . tse a substantial brush, 
move casily in any direction permitting the bristles to 
conform to uneven floor surfaces, including carpet. Thos 
seals any gaps. stops drafts, and reduces heat loss. It 1s said to 
resist rodents and insects 

A simple draft excluder tor the bottom of scldom-used 
doors 1s a long. tlexible, sausage-shaped cloth tube tilled 
with sand, which ts simply pushed against the crack at the 
bottom of the door (Anonymous 1980/) 

lo help determine one’s chgibility tor weatherstripping 
income tax credit, IRS defines weatherstripping as narrow 
strips of material placed over or in movable joints of 
windows and doors to reduce the passage of air and morsture 
(IRS 1980) 
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Fig. 13. Nylon strip brush weatherstripping—“Therm-L-Brush.” 
(Photo courtesy of Sealeze Corporation) 


Flashing 


Wherever joints occur in a building, e.g.. walls meeting the 
roof or a chimney, flashing may be instailed to keep the 
building watertight. Flashing consists of strips of metal or 
other material to cover cracks, crevices, and holes. The 
materials most commonly used are galvanized metal. 
copper. aluminum, and stainless steel. A_ self-adhesive 
flashing. called “Flashband.” was developed in 1965 and has 
been used to batproof buildings in England and western 
Furope for the past 10 years (R. E. Stebbings, personal 
communication). Flashband has advantages such as flexi- 
bility. self-adhesiveness, and a grip that reportedly improves 
with time despite extremes of weather. It ts available in the 
United States and Canada. 


Screening 

Where screening ts necessary the openings must be small 
enough to prevent the access of bats. stecl hardware cloth 
should have 0.63 cm (‘4 in.) mesh with three meshes or more 
to the inch. Insect screening for windows should be 18 « 14 
mesh 

Bats can enter ventilators that are not properly screened 
Hardware cloth for ventilators should be & « & mesh. Inlet 
and cutlet ventilators should be properly installed. The type 
of ventilator used, its location in the building, and the 
direction of prevailing air currents may be important factors 
because buildings of identical design, but different orenta- 
tion, Vary in their attractiveness to bats. Many ventilators 
are made with metal louvers and frames, others are custom 
made of wood to more closely fit the house design (Fig. 14; 
Anderson 1970: Fig. 102, Anderson and Sherwood 1974) 

The soffit (the underside of an overhanging cornice) 
usually has ventilators which may be continuous, round, 
single-tramed, or the soffit itself may be of perforated 
hardboard. Regardless of soffit type, the slots should not 
exceed 0.63 * 25 ema * tin) 

Bats may use an unused of old chimncy because the rough 
surfaces of chimney walls offer surtable places for bats to 
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Fig. 14. Ventilators should be properly screened: A. Triangular: 
B. Cross x. ction, C. Hall-curcle. D. Square: F. Vertical. F. Soffit 
(From Anderson 1970) 


hang. To prevent bats from entering chimneys. spark 
arresters or bird screens should be installed. These should be 
of rust-resistant material and carefully attached. They 
should completely enclose the flue discharge area and be 
securely fastened to the top of the chimney. Except when in 
use, dampers should be closed. 


Insulation 


The use of insulation as an effective bat repellent was first 
reported by Scott (1963) when fiberglass insulation was 
blown into roof and wall spaces occupied by bats. 

To help determine one’s eligibility for insulation tax 
credit, the IRS defines insulation as meaning any item that ts 
specifically and primarily designed to reduce, when installed 
in or on a dwelling, the heat loss or gain of such dwelling 
(IRS 1980). To qualify as insulation, the item must be 
installed between a conditioned area and a non-condrioned 
area. The term “conditioned area” means an area that has 
been heated or cooled by conventional or renewable energy 
source. Insulation includes materials made of fiberglass. 
rock wool, cellulose, urea-based foam, urethane, vermicu- 
lite, perlite, polystyrene, and extruded polystyrene foam. 

Insulation materials are manufactured in a number of 
forms and types. Each has advantages for specific uses 
Materials and methods of apphication are rapidly changing 
and improving and no one type seems best for all 
applications. Some basic information was received trom 
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Fig. 1S. A properly insulated roof will keep bats out (see Fig. 5). 
(By J. Newel Lews. Dopp Arch. F.RLBA. Trinidad and 
lobago) 


insulation experts concerning the possible use of insulation 
to solve Lat management problems (U.S. Department of 
Energy 1978, 1979). 

Materials that are inorganic are fire and moisture 
resistant. The safest appear to be glass fiber (fiberglass) and 
rock wool. Inorganic insulation ts made in batts, blankets, 
and loose fill and used on attic floors and in frame walls. 
Organic insulation such as cellulosic fiber is chemically 
treated to make it resistant to fire, decay, and vermin. 
Cellulosic fiber, although treated to be fire resistant, may 
break down in a hot attic (U.S. Department of Housing and 
Urban Development 1975). Caution should be taken with 
urea formaldehyde foam insulation, also known as urea- 
based foam insulation, which may release formaldehyde gas 
when exposed to heat and humidity (U. S. Consumer 
Product Safety Commission [CPSC] 1980). CPSC warns 
that infants. the elderly. and those with allergies and 
respiratory problems may be particularly sensitive to 
formaldehyde gas. Once the problem occurs, it can be very 
difficult and expensive to remedy. 

No insulating materials blown into trame walls serve asa 
barrier to morsture so condensation may become a problem 
in winter. Wet insulation will not insulate and moisture may 
collect to cause structural rot. Ventilation paths should not 
be blocked by insulation (Fig. 15). 


Roofing 


Spanish or Concrete lile 


An especially difficult’ challenge has been that. of 
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Fig. 16. Spanish of concrete tile rooting (Photo courtesy of 3 f 
Corporation) 


excluding bats, particularly the Mexican free-tailed bat, 
from roosting under Spanish or concrete tile roofing (Fig 
16) 

Bats often roost under the tiles by entering the open ends 
at the lowermost row or where the tiles overlap. The bats 
enter the openings by landing Gn or just under the edge that 
is directly under the open tiles. Where bats enter the sides of 
the tiles which overlap building walls, they have to land on 
the wall before crawling inside 

Attempts to prevent the bats trom entering the spaces 
have included plugs made of various materials and shaped to 
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Fig. 17. Gaps under corrugated and gaivanized roofing may be 
sealed with a self-cxpanding urethane foam. fiberglass. and resin 
(By J. Newel Lews, Dip. Arch. F.R.1BA.~ Trinidad and 
Tobago) 


fit the openings. These were ineffective because tight-fitting 
plugs were impossible to fashion due to variation in size of 
the openings and temperature changes. Daily temperature 
fluctuations also caused ihe tles to break by contraction and 
expansion, thus leaving spaces through which the bats could 
enter 

Constantine (1979a) found a solution to the above 
problem in California when tiles were temporarily removed 
to replace a layer of tarpaper under the tiles. A layer of 
coarse fiberglass batting was laid over the tarpaper and 
under the tiles so that bats entering the holes would contact 
the fiberglass and be repelled. To prevent birds from using 
fibers for nest making. the coarse fiberglass batting was 
applied within 15.2 cm (6 in.) of the outer opening of the 
open tile ends. Although this solution has been effective, it 1s 
only practical to remove the tiles when tarpaper has to be 
replaced 

Constantine (1979q@) also tound that bats may be excluded 
from the tiles if rain gutters are installed directly under the 
open tile ends as well as under the overlapping tiles. The 
upper edge of the gutter should be level with the lower edge 
of the tle and should extend outward about 20.3 cm (8 in.) 
from the tle. The gutter must be tightl |astened flush with 
the wall to avoid leaving a dark slot that bats may occupy 
Another problem occurs when rain gutter installations leave 

the gutter and the tiles 
igs alter landing on the 


an open space or passage betwee 
where bats crawl into the tile on 
wall. In some instances, flashing material extending upward 
under the overlapped tiles may be sufficient 


Corrugated and Galvanized 


Gaps under corrugated and galvanized rooting and 
sheeting may be sealed by a self-expanding urcthane foam 
previously mentioned. In Britain, tiberglass and resin have 
been used in situations where corrugated hanging tiles. 
rooting, or weatherboarding shift in heating and cooling 
situations. The tiberglass can be dyed almost any color to 
match word or tiles (Fig 17). In some situations, fine mesh. 


about 0.63-cm ('4-1n.) diameter holes, has been spread over 
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wood or tiles, and then pa.nted to match the underlving 
material (R. E. Stebbings, personal communication). 





Walls 


Fiberglass insulation blown into spaces occupied by bats 
has been reported as an effective repellent (Scott 1963). 
Newer types of wall insulation such as rock wool may be 
blown in through holes bered in the wall; however, if urea 
formaldehyde is used, extreme caution must be exercised as 
previously discussed. This must not be done while bats are 
present to prevent their death and decomposition. 


























Church Steeples 


Batproofing of church steeples is difficult and dangerous 
because the inside of the steeple is often covered with 
numerous spikes from the roof covering. It is speculated that 
fiberglass batting over tarpaper couid be secured on the 
inner surface of the steeple or tower to repel bats. The steeple 
louvers may be covered with 0.63-cm('%-in.} mesh hardware 
cloth from the inside and installed so as not to obstruct 
ventilation. 








Temporary Outside Roosts 


Sometimes bats will temporarily roost in open structures 
such as porches, garages, and patios or behind shutters, 
shingles, roof gutters, and trim with overhang. Transient 
bats in migration, male bats during the nursing season, and 
foraging bats hanging up at night to rest may find these 
outside areas attractive and convenient. If bats roost under 
the eaves of buildings or on other areas outside the house, 
actual control may not be necessary unless their droppings 
become a problem. Then some insulation material will 
probably work. Constantine (1979a) stated that coarse 
fiberglass batting tacked to the surfaces where bats hang 
might discourage them. D. G. Constantine stated (personal 
communication), “It might be worth mentioning that 
woodpeckers can peck a hole through places like a roof trim 
to let bats in, too often after exclusion has been performed. | 
have had to go so far as to recommend covering all trim with 
sheet metal. Of course, the birds may move down a few 
inches.” 











Bat Removal 


Live Traps 


Although exclusion is the only permanent answer, bats 
may be trapped alive before batproofing. Griffin (1934) was 
the first to collect live bats from inside buildings with a “trap 
roost” attached to the underside of the attic roof ridge where 
rie oid soe ~~ prhg — house — top bats often hang. When the bats were disturbed, they 

onstantine harp trap, m onstantiie plastic trap, bottom retreated into the pockets of the trap instead of into the 

Trap locations on a house. (From Greenhall and Paradiso 1968) cracks between the boards of the Deildiag lo collect bats as 
they left buildings, Griffin (1934) devised a variety of traps 
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(tunnel nets and traps. plastic cylinders): their design and use 
are described by Greenhall and Paradiso (1968, Fig. 18 
bottom). 

A hopper trap for use around buildings that harbored 
Mexican free-tailed bats was invented in 1962 by Davis et al. 
(see Greenhall and Paradiso 1968: Fig. 19). These traps 
provided storage space for captive bats_ so it was possible to 
set traps in several towns and run them during daylight. The 
hopper trap is made of black plastic or oilcloth fastened over 
a wire frame 80 cm (32 in_) high with each side 70 cm (28 in.) 
at the top and 22.5 cm (9 in.) at the bottom. Below this is 
suspended a 40-cm (16-in.) deep mesh ho'ding bag. with a 
drawstring to close cach section at the bottom. Another 
useful feature is a hook attached at each top corner so that. 
when necessary. several traps may be fastened together likea 
“nest” to increase the catching area. When using this trap, 
the size of the exit hole must first be reduced by gluing a slick 
plastic shield around it. An extra shield must be provided so 
it will overlap the edge of the trap. which i, set at the 
minimum possible distance below the exit. 

An unusual harp-like trap made of steel piano wires was 
designed by Constantine (1958) to snare large numbers of 














3e* 

















free-tailed bats (Fig. 18 top). Constantine (1958) also 

discovered that bats will fly into clear glass or transparent . 

plastic sheets placed vertically at building roost exits( Fig. 18 . 

middie). After striking the obstruction, the bats slide into a r 
esoos3 


smooth-sided container below. 

Constantine's trap has undergone numerous modiiica- 
tions. Thin monofilament nylon fishing line may be used 
instead of steel prano wires. Aluminum tube frames may be 
used to reduce weight and a double trame of strings 
improves its effectiveness (Hamilton-Smith 1966). These 
modifications have been described by Tuttle (1974a, 19744) 
and the efficiency of the trap has been discussed by Kunz and 
Anthony (1977). Little brown bats were trapped at barn sites 





Fig. 19. Details of R. Davis’ hopper trap. (From Greenhall and 
Paradiso 196%) 


enough at the bottom to fit over a piece of metal tubing 
about a joot long (we used a piece of dryer vent). The metal 
tube us too slippery for the bats to chmb up and too narrow 
tor them to fly out. The cloth was securely taped to the pipe 


by Anthony and Kunz (1977). Tidemann and Woodside 
(1978) developed a lightweight 7-kg (about !5-Ib), collap- 
sible bat tr.) based on the original designs that can easily be 
carried and assembled. 


and a plastic garbage bag was attached to the other end We 
then stapled the top of the funnel to the bat hole at dusk. 
The cloth should not sag or the bats will catch themselves 
before entering the pipe and siart to climb back up. Then 


we sat down to watch The bats fell down the funnel, 
through the pipe and into the bag The beauty of this 
device rs that no one touches the bats. After just a few 
nights. the bat population was nearly exterminated. Our 
next step was to seal the hole so they would not return. (See 
big 20) 


A simple. et cctive bat trap devised by the owners of an old 
Michigan farmhouse has been described in The Old House 
Journal (Anonymous 1980a)-: 


We bought our 100-year-old Ltarmhouse in the carly spring 
It was two months later that we discovered bats were living 


mittee After trying to get nd of them by scattering moth 
Traps require little attendance (unless thousands of bats 


are present) and. after the bats are in the trap bag or 
container, the animals are protected from weather and most 
predators. D. G. Constantine (personal communication) 
cautions that squeaking bats may attract some predators, 
such as raccoons and cats, which will enter the traps and eat 
the bats. 

Buildings from which bats have been trapped for 
transplanting must be batproofed to prevent their reentry 
because bats have strong homing instincts (Davis and 
Hitchcock 1965; Griffin 1970, Leffler et al. 1979). Live bats 
should be handled only by rabies-immunized professionals 
(D. G. Constantine, personal communication). 


hails on the atte. which was the only practical solution that 
anyone suggested. we were relieved when they went into 
hibernation on the tall) This spring. there were more bat 
droppings than ever on our window sills Some had died off 
in the winter, but there were still about 200 hiving with us 
and probably multiplying We came up with a bat trap 
which has taken care of the problem We can now seal ur 
the holes without worrying about the bats funding another 
exit through the house of rotting inside the walls The bat 
trap works on the principle that in order to start flying the 
hat must first tall out of the bole lar enough to spread his 
wings and begin a ghde We bought a prece (1) vards) of 
cheap. sheer curtain material which we sewed into a funnel 
wide cnough at the top to cover the bat-hole and small 
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Fig. 20. Fitectse bat trap. (Courtesy “The Old House Journal”) 


Conservation 


Artificial Bat Roosts 


If batproofing ts effective bats will be displaced and the 
excluded colony will reestablish in an alternate roost. If none 
is available will the bats utilize artificial roosts? 


Alternate Roosts 


The following incident described by Cope (1959) will 
illustrate the vagaries of batproofing and poses the question 
of where do dispossessed bats go: 

A trend has deca studying the life history of bats and was 
anxious to sect up a breeding colony om the attic of his 
garage Because a breeding colony of bats (species not 
mentioned) on the newhborhood was about to be destron cd. 
a duplicate of the habitat of thes colony was made by ms 
trend the ratters designed the same. the opening was 
similar. and some bat guano was even put on the floor 
Then about SO hats were liberated trom the established 
colons mm thes artical colony. Phe bats at tinst seemed 
quite at home. Thes clung to the rafters and tound crawl 
spaces and hideaway places The bats were lherated in the 
daytime. the next day not one bat was back at the new 
location But in the old location were mans hats which had 
been lherated in the new one Ina week of so. a scoond root 
was built and all cracks and cranmes were blocked off so 
the hats could eet get inte the hoawse Then and only then, 
thes were torced to abandon the long-established breeding 
site, Did thes go to the new colony established a short 
distance from the old site’ No Where thes moved. no one 


knows 


Itis Known that bats have alternate roosts, which ts probably 
where they go according to D. G. Constantine (personal 
communication) M.D. Luttle (personal communication), 
in agreement. believes that hats require a nearby foraging 
habitat as well eo - ° - 


Bat lowers 


Ihe usetulness of bats as insect feeders and the value of 


their guano led to several attempts to enceurage Mexican 
free-atled bats to occupy artificial bat towers (Greenhall 
and Paradiso 1968: Fig. 3). Campbell (1925) spent his life 
working on such a structure. He built a tower but the hats 
living in an old hunting lodge a jew miles away refused to 
move into the vower. Campbell reasoned that the bats 
depended on their delicate sense of hearing and perhaps 
some sounds wou'd have a repellent effect. A brass band 
with cornets, clarinets, piccolos, saxophones, trombones, 
drums, and cymbals, provided a variety of noses. Finally. 
Campbell found that the only nusic the bats could not stand 
was the waltz, “Cascade of Roses.” as played by the Mexico 
City Police Band. He wrote: “With the sound of the very first 
measures, a great uncasiness and shifting of the bats was 
observed, but with the first fortissimo, they began leaving: 
first in singles, then pairs, then tens and hundreds in one 
continual stream, until they had all lett. Their time of 
emergence in that month, August, was always about 6:30 
o'clock, now they left one and a half hours before their 
accustomed time.” The bats moved into the tower and 
during the following 6 years, never returned to thei old 
home. The strategy was successfully repeated when a 
clergyma’ wished to get md of some bets lodging in his 
room. Having heard of the “concert” experiment, he 
purchased a phonograph. a few records, and won the battle 
in | day. 

The fact that the artificial roost was satisfactory warrants 
further study. R. A. Raschig. inspired by Campbell's efforts, 
built a bat tower in Eagle River. Wisconsin, which attracted 
bats (personal communication). In the fall of 1979 a woman 
“saw bats come out of the roost by the hundreds. I have not 
seen a permanent colony but have reason io believe that the 
bats use this roost as a stopping off place 1a their migrations 
in the spring and fall. At tomes there are hawks and owls 
roosting on top of the bat roost presumably waiting to get a 
dinner when the bats emerge.” 


Bat Houses or Boxes 

During the past SO years the natural holes in trees have 
been reduced in numbers by removal of dead and dying trees 
which provided cavities for many aniprals, including bats. In 
Furope bird boxes have been used for about a century. Since 
the late 1930's, European bat biologists have provided a 
variety of boxes and houses for bats. The success of these 
artificial bat roosts has encouraged English and American 
investigators to expermment further (big. 17) The English 
bat biologist. Stebbings (1974). stated that “Although 
insulficrent knowledge ts known about the critical roost 
requirements of bats, they can be attracted to roosting boxes 
attached to trees. These boxes simulate tree holes (ike bird 
boxes) and can be used by large numbers of bats of most 
species. One box of about 10 om cube can hold up to S80 
bats.” Krzanowshi (1985S) has had excellent results with bat 
boxcs in Poland 

Sirice the use of bat houses or boxes is new inthe United 
States there ts much to be learned. The two models (hig. 21) 
have been used successfully on Europe. Suggestions tor 
building bat houses and attracting bats are provide! by 
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VieW OF THE FOUR PIECES NEEDED 


big. 20. European hat houses (Courtesy of Merhn DD Tuttle) 


Tuttle (n.d) Sive and shape do not appear important but 
the width of the entry space should not exceed 2 Semi(tin) 
All nner surfaces must be roughened so that the bats can 
easily chimb Because inside house temperatures should not 
exceed 32'C (90 Fy the box should be insulated by covering 
the top and sides with tarpaper, styrofoam, of even painted 
black to absorb the heat trom the sun and provide a suitable 
temperature at might. espectally tor a maternity colony. Bat 


houses should be securely fastened to the side of a building 
or tree trunk 3 S m (12 1S ft) above the ground and 
protected against birds and squirrels 

Food supphes must be adequate and bat boxes should be 
located near some water where imsect populations are 
abundant. Sometimes a bat house may be occumed within 
weeks after tis erected. preterably by early April, or it may 
take a veat or more tor bats to tind, approve, and move into 
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a bat house. A well-insulated box located near water. 
securely fastened. and protected against wind, predators. 
and direct sunlight increases the chances of early occupancy 

The Missour: Department of Conservation reported that 
some private citizens designed and built a large structure 
called a “bat refuge™ (Fig. 22) that was attractive to little 
brown bats and quickly occupied (LaVal and LaVal 1980) 
lea Lakes Wildlife 


Area, near Rosebud. Gasconade County 


This artificial bat roost ts located at 
It was erected 
during the spring of 1979 and was used later by a maternity 
colony of at least 78 lathe brown bats during the summer of 
1979. fhe colony originally occupied a picnic shelter close to 


the background of the photograph). The picnic shelter 
stopped up holes and 
encourage the bats to move. It 1s not known why the bats 


caretaker gradually cracks to 
moved but it ts belreved that they were possibly attracted to 
the refuge by spraying « with a guano solution. R. K. LaVal 
(personal communication) suggested that the roost ( Fig. 23) 
be modified by reducing the spaces al the bottom between 
the dividers to less than 2.5 cm (1 in.), making sl’. openings 
into the air space under the roof which should make the 
roost more suitable for maternity use by the bats. and by 
raising the structure to reduce disturbance trom people, 
dogs, and other organisms 

Plans based on this successful but experimental bat house 
were developed by the Missour: Department of Conserva- 
tion(G. 1. Maupin, personal communication). | he Depart- 
ment is currently implementing plans to design. build. and 
treld test additional bat retuge structures, to be able to offera 
viable alternative to the cxatermination or exclusion prob.. 4 
of bats in buildings (LaVal and LaVal 190) 


Discussion and Recommendations 
Bat Management Problems 


Excluding bats from Duildings by nonlethal methods ts 
(Silver 1945) but its been 


widespread Most published studies have involved only brict 


not new actual use has not 


applications and short-term results with little information to 


support claims of efficacy and safety. [The use of pesticides 


dra natically increased after World War Il and appeared to 
be the ultimate toe! Batprooting by nonicthal means was 


deemphasized. During the past W years. however, there 


have been rising anxictics concerning the environment and 


health hazards caused bv chemicals 


Rat Conservation 


lhe concern tor bat orotectron began in the late [960s 
when ¢ramatec declines of once plentiful species wer 
observed bor c\ample ( arlshbad Caverns millhons of 
Mexican inet tatied hats lined 1% mss Thal one-hall 
millon during the 1970's. [hes concern tor the presers ation 


of wildlile gencrated the passage of res 








Fig. 22. Artificial bat roost built by private citizens at Tea Lakes 
Wildlife Area near Rosebud. Messour: (Photo bv Rochard k 
LaVal) 
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resolutions proposed by organizations such as the Worl¢ 
Health Organization, National Academy of Science, and 
many others. These groups cited a variety of reasons for the 
decline in populations which have been discussed earlier. 
Recommendations included (1) protective legislation; (2) 
regulation of research: (3) prohibition of chemicals winch 
not only exacerbate the situation but further contaminate 
the environment, and (4) education of the general public on 
the reasons for bat conservation which impinge on house bat 
management. 

Bats are often killed because they live near people who 
needlessly fear them and Tuttle (19794) stated, “Their 
decline certainly ts not in our best interests.” 


Bat Management in Cities and Suburbs 


The Committee on Urban Pest Management of the 
National Research Council (1980) recognized that bats can 
be a serious urban and suburban problem. Previously 
attention was focused on the solution of nuisance problems 
and public health hazards. Integrated pest management is 
the suggested approach. This ts based on the principles of 
applied ecology and a knowledge of the ecosystem. 
Integrated programs usually evolve slowly. Urban and 
suburban planners and others concerned about future 
research are referred to Leedy et al. (1978). Those charged 
with the responsibility for urban pest management decision 
making are referred to “Urban Pest Management,” a report 
prepared by the Committee on Urban Pest Management 
(National Research Council 1980) 


Research Needs 


Research proposals should carefully explore, quantify, 
and evaluate all possible methods, materials, and costs when 
applying for grants (White 1975). Throughout this manual, 
emphasis has been placed on batproofing and the use of 
nonlethal methods and materials for house bat manage- 
ment. There are many questions still to be answered. What 
are the factors that govern roost selection’? Where do bats go 
when they are dislocated and excluded from bu:igings’ Why 
do bats prefer one structure to another, although both 
structures appear similar in all respects? Are artificial roosts 
a useful house bat management technique? A_ nonlethal 
chemical repellent that could safely and rapidly Tush bats 
trom buildings and then quickly dissipate without any 
residue woule be useful. Additional studies «: ¢ appropriate 
concerning retrofit of buildings, bat phero vones (animal 
communication odors), bat vocahzations, and other factors 
New techniques and instrumentation, as well as adaptions of 
existing methods and materials, should be devised so that 
quantification of results ts possible. Laser beams attached to 
electronic counters (Fenton et al. 1973), telemetry (Kolz and 
Corner 1975). bat detectors (Anonymous 1978), sonar, 
radar, and chemiluminescent tags (Buchler 1976) are useful 
to track bats that have been excluded from |. roost and may 
be searching tor an alternate roost. Movements of bats in 
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and out of roosts can be monitored with electronic counters; 
R. E. Stebbings (personal communication) stated, “Il have 
used automatic timed counters for 12 years. They record 
date, time, direction of movement, etc. all automatically.” 


Bat Management Legislation 
Federal 


A survey of . ederal legislative actions, court decisions, 
and agency interpretations concerning the management of 
bats was published in “Bat management in the United 
States” (Lera and Fortune T978); the agencies having 
primary responsibilties for bat management decisions are 
the Department of the Interior, the Environmental Protec- 
tion Agency, and the Department of Health and Human 
Services (formerly the Department of Health, Education, 
and Welfare). It is apparent that lethal control of bats, even 
when there is a proven potential danger to humans, is 
subjected to careful scrutiny, preparation, and interagency 
coordination. 

The United States Department of the Interior is the 
Nation’s principal conservation agency. The FWS has broad 
responsibilities for wildlife conservation as mandated in 
various Executive orders, laws, and treaties. It has direct 
responsibility for bat research, protection, and management 
under the Fish and Wildlife Coordination Act of 1956 and 
the Endangered Species Act of 1973. 

Because FWS policy prohibits the use of DDT and 
recommends against the use of anticoagulants or other 
chemicals that may present a threat to human health or the 
environment, the major management recommendation is 
exclusion of bats (batproofing). The only acceptable way 
that the FWS can manage bats in buildings and carry out its 
responsibilities of bat protection and conservation ts to 
exclude unwanted bats by nonlethal methods. Bat manage- 
ment techniques should be selective for the offending bats, 
nonhazardous to human beings, and environmentally safe. 


State 


| a’sle 2 provides a summary of States and territories of the 
United States with laws or regulations applying to bats, and 
the agency within the State that governs the laws. 
information applies from 1972 to present. Some States have 
laws specifically mentioning bats, either providing or 
denying protection. Others have legislation that applies to 
bats only by interpretation. Bats may be considered to be 
non-game wildlife or indigenous State mammals. Non- 
specific legislation depends on the interpretation. Some 
States offer protection for bats but the laws appear to be 
designed in the interest of public health, addressing bats as 
vectors of disease rather than as mammals needing 
protection. Some States do not hive legislation but 
anticipate developing bat protection legislation following 
increases in nongame wildlife funding, public interest, or bat 
research. Some species have protection through endangered 
species laws as either Federal- or State-listed endangered 
species, but the same State may offer no protection for other 
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Table 2. A summary of State bat legislation.* (From Convoy 1980) 








Endangered Natural Conser- Habitat State Public Pesticide 
States Cave species Hunting Collection Resources vation access land health __ board 
Alabama F Pi Pil P 
Alaska NPS l Pl 
Arizona P NPS l 
Arkansas F Pil I 
California Pil I L 
Colorado PS I L 
Connecticut F L 
Delaware L 
District of Columbia L 
Florida F 
Georgia P F 
Guam A PS S 
Hawan S! PS 
Idaho NP I 
Ihinors F L 
Indiana Si PS 
lowa S] NP I A L 
Kansas P 
Kentucky S!I 
Louisana F NP 1 I 
Maine A Pi 1 L 
Maryland P FSI A Pi 
Massachusetts fF Pi P P L 
Michigan F I L 
Mississippi NP I 
Minnesota Pr 1 
Missoun A Ib I PS P 
Montana A P 
Nebraska NP I ! 
Nevada 
New Hampshire \ NP I I 
New Jersey t Pl I 
New Mexico SI A 
New York I NP I I I 
North Carelna I Pi | I 
North Dakota NP 1 
Ohw SI Pi 
Oklahoma P 
Oregon | 
Pennsylvania I NP 1 
Puerto Rico A 
Rhode Island 
South Carolina I NP I 
South Dakota Pi ! 
lennessee A I Pi | P 
Utah Pi 
Vermont A NP I A 
Virginia 3 
Washington PA 
West Virginia P P| I 
Wisconsin I 
Wyoming NPS 





a ~~ 
P = protected: NP = not protected; | 
S = bats mentioned, SI 


laws tor bats, | 


State endangered species 
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federally endangered species, A 


anticipated protection, | 


bats by interpretation, 





species of bats. Without enforcement or public awareness 
programs, legislation may not actually accomplish the goal 
of protecting bats. The listing in Table 2 should not be 
considered complete or entirely accurate due to lack of 
response by some State agencies or interim changes in 
legislation. 
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Appendix A 





Identification Key to Bats Most 
Encountered by Humans in Houses 


Use of Kev 


As a tentative means of identifying an:mals, keys have 
been devised that use arbitrary, selected characteristics that 
should be readily distinguishable. However, keys are 
extremely fallible, and specimens are not always easily 
identifiable. To use the key, start at number | onthe left side 
of the page. There will be two contrasting statements. Select 
the one that best fits your bat. Then refer to the number or 
name at the right side of the page. If it 1s a number, look for 
this number on the left; again there will be two statements. 
Proceed as before remembering that it ts important to 


consider each of the two alternatives; one should fit the bat 
in hand and lead to another pair of alternatives or the name 
of the bat. The figure that refers to a number should assist in 
making your decision. The figure that refers to a name 
should reasonably resemble the specimen to be identified. If 
it does not, try ag~in. Itiseasy to selec: he wrong alternative 
at some point and the identification will then be erroneous. 
If you cannot identify the bat it may be necessary to send it to 
the nearest museum, 700, or public health laboratory. 


Identification Key 


1. About half the tail extends beyond tai! membrane, face bare: lips wrinkled: ears close 
together at base but not joined (Fig. 26). er . Tadarida brasiliensis 
2. Tail completely enclosed within tail membrane. face furred: hips 0 not 1 wrinkled: cars widely 
Se ee Tree rrr rr rr rrr rrr rr rrr rrr rrr rr rr rrr rr ery 
3. Ears large, projecting upward, 28 mm (1.1 in.) from base to tip, nose pugged or pig-like 


(s @  PEPPerrererrrereerrerrerer rrr errrrre rrr Vees . Antrozous pallidus 
Ears not large, do not project upward. less than 25 mm a in.) from base to tip: nose not 
2 | PP erererereeereerrerercrerrrerrrrrrrrrrreri Tree rrr Teer 4 
4. Tail membrane upper surface well furred, at least front half, hair tips or hair usually silver- 
tipped (Figs. 29. 31) 0.0... SERS O GARG SSSEROSHGRGS FeRGRESSaTeRCOCNGa EES CCtESE § 
Tail — upper surface ached or sparsely furred: hair tips or hair not silver-tipped 
La 2A PEPPPPTTTEPePerreeee ee eTeTerr err cere eeeeeerrrre Tree cee rr eee ere 7 


S. Hair black (Fig 29). - eeeeesenses pneene . Lasionycteris noctivagans 
Hair red orange. yellowish . poneeeesenes nnes-s rer tT 6 
6. Ears conspicuously black-edged with patches of yellow heir inside (Fi ig ul) 
Lasiurus cinereus 
Ears not black-edged. inside bare or scant-haired (Fig. 30) 
7. Size large, wingspread 325 to 350 mm (13 to 14 in.) (Rig. 25). 
Size small, wingspread 220 to 270 mm (K 8 to LOK in) oo... eres deeeneesnstl 
8. Fur on back glossy: hairs on toes long and conspicuous (Fig. 24) ..... Wororss lacifugus 
Fur on back dull, hairs on toes sparse and inconspicuous (Fig. 27)... 


Lasiurus borealis 





Eptesicus fuscus 
Violins vuamanents 
beST BOCUINT 

a bvekntt i 


rtemes NE 


bie sec ott 
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Appendix B 


Species Accounts 


Vyotis lucifugus. ttle brown bat. common bat. cave bat. 
litthey brown mvotis 


Wingspread: 222 to 269 mm (8.9 to 10.8 in) 
Forearm: 34 to 41 mm (1.3 to 1.6 in.) 


Recognition: f ur 1s dense, tine. and glossy. Both sexes a rich 
brown, almost bronze. juveniles may be almost black 
Fars and membranes are a glossy dark brown. There are 

many small brown species but this ts the one most often 


found in buildings (Fig. 24) 


Distribution: } rom Labrador to southern Alaska. the 
mountains of southern Calilorna. as well as from the 
Appalachians to Georgia and west into Arkansas 


Stragglers c 9 be found in New Mexico, Texas, Mississippi. 
and Alabamsz. and the coastal parts of the Carolinas 


aA 


- 





\dwotuews (Photo trom Barbour 


big 24. Littl brown bat. V 


and Davis 1969) 


Comments: Onc of the most abundant of all colonial bats in 
the northern part of its range: ts common within its range. 
In the spring and summer females form maternity colonies 
of hundreds of individuals or more in attics, barns, and 
other retreats that are dark and hot during the daytime. In 
winter, these bats hibernate in caves and mines, frequently 
returning year after year to the same nursery colony and 
hibernation cave. Colonies are far more common near 
lakes and rivers. Rabies is seldom a problem with this 
species since it is not an effective biter due to its small 
teeth 


Eptesicus fuscus. Big brown bat. house bat, barn bat, 
dusky bat 


Wingspread: 325 to 350 mm (13 to I4in) 


Forearm: 42 to SI mm (1.7 to 2.0 in.) 

Recognition: Probably the largest bat commonly found in 
buildings except forthe pallid bat. Most adults are copper- 
colored, but color may vary trom light to dark brown 
Fach hair is bicolored the basal half being almost black 
and the outer hall brown 
dark brown to nearly black. Sexes are colored alike and 


Face. cars, and membranes are 


show no seasonal variation (Fig. 25) 





Fig. 28. Big brown bat, Epresicus fascus. (Photo trom Barbour and 
Davis 1969) 


SEST DOCUMENT AYAILIDLE 
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Distribution: From Alaska and southern Canada south 
through New England to Florida, extending coast to 
coast. It is abundant throughout most of its range. except 
in the far northern States and the deep South. Apparently 
unknown from southern Florida and much of central 
Texas. 





aS 


"ees : a ae 





Comments: The big brown bat is probably the colonial bai 
most familiar to man. In summer, it commonly roosts in 
attics, belfries, and barns; behind awnings, doors, and 
shutters; but seldom in caves. It 1s a hardy species that can 
endure subfreezing temperatures but ts not as tolerant of 
high temperatures as ts the little brown bat. During hot 
weather, it may crawl into rooms from crevices of 
fireplaces. or both young and adults may appear in 
basements if the space between the inside and outside walls 
is continuous from attic to basement. Colonies vary in size 
between 12 and 200. They have a remarkable homing 
iastinct and do not migrate far from their place of birth 
They are one of the last bats to hibernate in fall and first to 
arouse in spring, and may be seen flying about at dusk in 
late November and early March. spending the winter in 
buildings, caves, mines, and similar shelters. Epresicus is 
casily recognizable due to its large size and steady, straight 
flight at a height of 6.1 to 9.1 m (20 to 30 ft) or more. After 


feeding, the bat flies to a might roost to rest, favoring oo - ie 
porches, brick houses, garages with open doors, or a _ a Oo De 
breezeway. The tell-tale signs of its presence are a few : 

droppings left each morning below the roost. Big brown Fig. 26. Mexican tree-tatled bat, Tadarida brasiliensis. (Photo from 
bats can inflict a painful bite if carelessly handled. This is Barbour and Davis 1969) 


one of the species most often rabid 





1.000 or more may inhabit a single. building in California. 

Tadarida brasiliensis. Mexican {ree-tailed bat. free-tailed In Florida, the species never enters caves and thousands 
tailed bat, guano bat have been found in a single building. Jennings (1958), cited 
by Barbour and Davis (1969), wrote that in Florida nearly 
every town harbors one or more colonies of free-tailed 
bats, yet the Department of Health and Rehabilitative 
Forearm: *6 to 46 mm (1.4 to 1.8 in.) Services stated. “We receive few complaints of bats in 
buildings “<(E. L. Hott, personal communication). In 
Texas, Davis (1962). cited by Greenhall and Paradiso 
(1968), stated that “throughout south Texas every group 


Wingspread: 290 to 325 mm (11.3 to [3 in) 


Recognition: 4 rather small bat with long narrow wings, and 
about one-half of the tail extending beyond the inter- 


femoral membrane. Ihe cars almost meet at the midline 
of a dozen or more buildings ts likely to have at least one 


guano bat roost for some period during the year.” An 
estimate was given of 3 roosts per 1,000 human popula- 


but are not yorned and have a series of papitlae or wartlike 
structures on the anterior rims. The upper lips are 
wrinkled. It is the smallest of the free-tailed bats in the 


tion. each having over 100 bats. Texas has a house bat 
United States. The body and membranes are dark brown : e . 


problem according to officials. In Texas it ts also a cave 
bat and Davis et al. (1962) estimated that the total 
population in caves in 1987 was at least 100 millon. At 


Individuals are dark gray or pale brown due to bleaching 
by ammonia fumes from guano deposits (Fig. 26) 


Distribution: Found from California to Florda. migrating Carlsbad Caverns. New Mexico, the population has been 
into Texas and Mexico. Occasionally found as tar north as estimated from as high as almost 9 million in June 19% 
Oregon, Nevada, Utah, and in the East as tar north as (Allen 1962) to a low of 0.25 million (Edgerton 1966; Petit 
North Carolina 1978) due to pesticide poisoning. Tadarida brasiliensis has 

Comments: This species is the most colonial of all bats. The been found positive for rabies. No one should enter a cave 
habitat of the free-tailed bat differs in various parts of the containing thousands of bats unless immunized against 
United States. It inhabits buildings on the West Coast and rabies. Its thought that two human fatalities from rabies 
inthe Southeast. It is primarily a cave batin Anzona, New ina lexas cave resulted trom anborne exposure attributed 
Mexico, Oklahoma. and iexe, Maternity colonies of to this species 
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unanensis (Photo trom Barbour 


Vyotis yumanensis. Yuma my otis 


38 mm (8.7 on) 


Wingspread: About 


> to ik mm (| Ito | s im} 


Forearm: } 


Recognition: Light tan to dark brown, the underparts 


whitish to butt. The membranes are darker than the bods 


i} iv’ ’ } 


Distribution: Found in western) North America trom 
( anada tw NI Vila 


Comments: More closely associated with water than any 
ir North 


ther bat except the gray haty VW Serise scans 


America. itis alwasstound near open water: A nuisance tt 


Calitornia where large nursery Colonies may De found i 
n aging att s norchnes ind ihundoned ipbins \ 
jonny of about SOOO inhabited a church belly in Nevada 
ind some transients were found in the ventilators of a 
r j ad ni H , \ ( 1 t 1 (i Harts i i lu 
iYOHY | i ny | j rapid but ‘ havarad t 
nu Al 
intruzous pallidus. Paid bat od valli | 


Wingspread: S60 to WO: 
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Fig. 28. Pallid bat. Anirozous pallidus. (P) +o trom Barbour and 
Davis 1969) 


Forearm: 48 to 60 mm (1.9 to 2.4 in) 


Recognition: Light yellow above the hairs tipped with 
brown or gray, whereas the underparts are pale creamy, 
almost white, but not bicolored. Membranes are tan. This 
is a large bat with big ears, large eves, and broad wings 
Ihe pig-like snout is distinctive (Fig. 28) 


Distribution: Found primarily in the western United States 
from the Pacific Northwest to the Southwest 


Comments: [his colonial species is occasionally trouble- 
some in Calitornia where the same open shelter (readily 
accessible by thght) serves as both day and night roost 
Ihe bats hang trom the rafters and their droppings foul 
hay in barns and cars in garages. [his species has one of 
the noost unique feeding habits of any North American bat 
Prey is mainly trom the ground and little. if any, food ts 
captured in theht) Food consists of scorpions, grasshop- 

pers, Jerusalem crickets, June beetles, and other ground 


hecth ‘ It is «lf relatively show ther loraging close OY tea 


| , 


mistodttytothe ground. It has been tound rabid but 1s 


rarely a problem to humans 


Lasionycteris noctivagans. Siivcr-haued bat. silvers 


Hiack Dat. black bat 
Wingspread: 270 to HO mm (10S to 12 bin) 
Forearm: 37 to 44mm (l Sto Pk on) 
ong and soft 1 hy huirs 


Recognition: | he tur are strongly 


pp dl will SEIVETN\ White which produces a trosted 
INPcaram nbothsexves The back and sidesare blackish 
hrows 1} embranes are blackish [The tail or ontes 
r’ imemnmrat siivhtiv turred only onthe basal hall 
tes t? Mntl\ on th INpper s inti i} \’ W, 
aa%®% 











Fig. 29. Silver-haued hat. Lasonic tern on avans Note hi 


hack tipped with white (Photo tr Barbour and Davis 1969) 


Distribution: All over northern North Ame: 


Comments: [his medium-sized bat ws smalicr than the bw 

brown hat and larver than any of the mvots It ws one of 
the species most offen mnvoisca in causing rabies in 
humans | Aposure is almost entiren the result of carcless 
handling of individual sick bats that are found 


4 


vyround or on the sides of b dings 


Lasiurus horealis k di hat it? 1 tf hat northern hat 
Ncw York hat 


Wingspread: 290 to Vl mm cll oto din) 


Forearm: to 45 mmil dto TA 


Recognition: |! wohtars medium-svved bat wn eas 
distinguished bh ts Prievhts ! olor. short rounded t 
ind long pointed wings Th nicrfomoral nv nhran ‘ 
thockly | dont nti nr tla Ihe underpart 
i! tL ! i 1? 1. & iT J nha 1k nT tt? “hil 

a ‘~~ 


i LDU UUicici attri > a 





laviurus horealts hanging hm both legs I he 





" \ wired intertemoral membrane w cxtended Note short 
ded cars (Photo trom Barbour and Davis 1969 
topping. Theres usually a white shoulder spot. Males tend 


to be redder and less trosted than the females (Fie. WW) 
Distribution: All over North America 


Comments: [his solitary bat extends ts long tall membrane 
Mraght out in theht. It only occasionally enters buildings 
during migration and seems to hay wciladevcloped 
vuats which ot tollows annually. tothe other hats 
on begins while the bats are on thieht and sometin 


>! 


nds on the ground where thes may be cncountered Red 


huts rere ic larect litters fup to liv milividiuals) than 

Mier species of Rats lhe. af rare !\ mountercd hy 

' it ccm «when sick “heh splains tl higt 
’ ’ by 


sin t Pavan samp af 


I asiurus cinereus. Voars bat. trosted b 


Mm a ‘ eht Mal 


Wingspread: (0 to 410 mm cS 2 to led 
boerearm: 4610 SS mm chk’ tin} 


Recognition: | his solitary bat ms of it Nortl 


America, larger than the big brown bat. It is dark-colored 
and heavily furred. The tips of many hairs are white, giving 
an overall frosted, hoary appearance. The ears are 
relatively short and edged with black. Usually there is a 
white shoulder spot. The membranes are brownish. The 
upper surface of the interfemoral or tail membrane ts 
completely furred. The much smaller silver-haired bat 
(which lacks fur on the feet, ears, and underside of the 
wings) 1s the only other bat that could be confused with the 
hoary bat. The upper basal surface of the tail membrane ts 
lightly furred (Fig. 31) 


Distribution: Lasiurus cinereus 1s the most widely distributed 
of all UL. S. bats, probably occurring in all 50 States 
although not yet reported from Alaska. A smaller, more 
reddish race. the Hawauan hoary bat (L. semotus), is 
restricted to the Hawauan Islands and is on the Endan- 
gered Species Lust 


Comments: It 1s exceeded in size only by the largest free 
tailed bats. Rabid individuals are occasionally found 
except on the Hawauan Islands. Its habits «cidom bring ut 
into direct contact with man, but because of its exception- 
ally large teeth wt ts an effective biter and potential 
transmitter of rabies if carelessly handled 





Fig. 31. Hoary bat. Lavurus cinereus Detensive pose. Note silver- 


tupped haw and black-cdeed cars. (Photos trom Barbour and 
[ay ~ VAN) 
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As the Nation's principal conservation agency, the Department of the 
Interior has responsibility for most of our nationally owned public 
lands and natural res»urces. This includes fostering the wisest use of 
our land and water resources, protecting our fish and wildlife, preserv- 
ing the environmental and cultural values of our national parks and 
historical places, and providing for the enjoyment of life through vut- 
door recreation. The Department assesses our energy and mineral! 
resources and works to assure that their development is in the best 
interests of all our people. The Department also has a major responsi- 
bility for American Indian reservation communities and for people who 
live in island territories under U.S. administration. 
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